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ENDOMETRIOSIS: A 


SURGICAL PROBLEM* 


By PrRoFEssSoR DOUGLAS MACLEOD 


THE term ‘ endometriosis’ implies the invasion by the 

endometrium of tissues to which it is foreign. Of 
the sites where such invasion takes place, the uterus, 
ovaries, and the peritoneum of the pouch of Douglas 
are by far the most conspicuous and the literature 
on this part of the subject is already very large. 
From time to time, however, cases are recorded 
where the locus is situated in tissues either right 
outside the genital tract, as the bowel, the umbilicus, 
and the bladder and ureter, or in positions on the 
very fringe of it, such as the round ligament in the 
groin or the perineum. 

It is my purpose this afternoon to deal mainly 
with extragenital endometriosis ; first, because not 
much has been written about it; secondly, because 
itis of interest to all surgeons whose province is the 
abdomen ; and thirdly, because it throws a light on 
the much debated question of the genesis and method 
of spread of endometriosis in general. 

In the normal woman the characteristic mucous 
membrane of the uterus is strictly confined to the 

interior of the corpus, but in the condition known 
as endometriosis areas of tissue indistinguishable 
from uterine mucosa are found in other situations. 
Here they may give rise to the formation of tumours 
Which we call endometriomata, capable of a diversity 
of puzzling symptoms. 

_ The tissue of an endometrioma is remarkable 
in that it is subject to the same cyclical changes 
as the uterine mucosa in its normal situation— 
that is to say, proliferative and secretory phases at 
times, and, in the event of a pregnancy, a 
decidual reaction comparable with that of the gravid 
uterus. Like endometrium, therefore, the endo- 
mMetrioma menstruates; but, because it lacks the 
formal outlet of the uterus, it is forced to retain 
the products of its menstruation in the form of small 
intertissue aggregations or, when the ovarian 
follicle is affected, the ‘ chocolate ’ cyst, so character- 
istic of this condition. These features are evidently 
dependent on the presence of active ovarian tissue, 
since endometriosis does not occur before the child- 
bearing period of life and disappears spontaneously 
after the menopause, whether natural or artificially 
Induced. It also tends to disappear after a preg- 
nancy, a fact I have been able to verify by laparotomy - 
® such cases. Pregnancy is, however, uncommon 
M endometriosis because of the high sterility rate 
With which it is associated. 
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_ In its simplest form, endometriosis arises by 
direct invasion (Fig. 144). This is exemplified by 
endometriosis (adenomyoma) of the wall of the uterus, 
where the spread is certainly by way of the intertissue 
spaces. 


Fic. 144.—Endometriosis (adenomyosis) of the uterus. 
The endometrium is seen directly invading the uterine 
muscle. 


Direct invasion, however, does not explain 
the appearance of endometrial tissue in situations 
remote from the uterus, and Sampson (1921) pro- 
duced the Implantation Theory, which supposes 
that endometrial cells pass through the Fallopian 
tubes during menstruation and become implanted 
on the ovary and other structures in the pelvis, 
particularly the peritoneum in the pouch of Douglas. 
Local invasion of these structures follows, and cysts 
and tumours are produced containing areas of endo- 
metrium and larger or smaller collections of retained 
menstrual blood. 

Iwanoff (1889) and others advanced the Serosal 
Theory, which holds that under certain conditions the 
peritoneum, because it is developed from the same 
structure as the uterine mucosa—namely, the splanch- 
nopleure—has the power to undergo metaplasia and 
reproduce tissue resembling endometrium. During 
pregnancy it is common to find small moss-like 
tufts on the surface of the ovary, in the pouch of 
Douglas, and even on the peritoneal surface of the 
bowel, which, when scraped off and sectioned, show 
pure decidua. ‘ 
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These are probably due to metaplasia, and I 
think it significant that they are found in sites where 
it is common for endometriosis to occur. If this 
theory could be extended to include metaplasia of 
the granulosa cells of the ovary, also derived from 
the same embryonic source, many of the puzzling 
features of endometriosis would be explained. I 
have, in a previous paper (1934), attempted to 
demonstrate that these cells appear to be capable 
of developing an epithelium in ovaries containing 
endometrial cysts, and it is possible that the ‘ choco- 
late’ cyst is formed in this way. It must, however, 
be admitted that proof of metaplasia is lacking, and 
that once one admits metaplasia, anything can be 
explained. 

Lastly, there is the view that endometriosis arises 
by lymphatic spread from the uterus, in much the 
same way as a malignant neoplasm metastasizes by 
means of the lymphatic system. Strong support 
for this view has been afforded by the discovery of 
islands of endometrial tissue in the lymph-glands 
and even in the lymphatic ducts themselves. 

Before discussing extragenital endometriomata 
it is necessary to give a brief account of the more 
common manifestations of the disease. In the 
uterus it gives rise to a tumour very closely resembling 
a fibroid both in superficial appearance and symptoms 
—that is, it forms a protuberance and is accom- 
panied by more or less excessive menstrual bleeding. 
There is, however, a difference ; fibroids generally 
are painless tumours, but uterine endometriomata 
give rise to severe pain at the periods. This is not 
to be wondered at since at every menstrual epoch 
numerous isolated collections of blood are being 
formed in the dense tissue of the tumour. This 
severe pain at the time of the periods is characteristic 
of endometriosis in most of the other situations where 
it occurs. 

Endometriosis when it affects the ovary usually 
produces what is called the ‘ chocolate’ or ‘ tarry’ 
cyst (Fig. 145). Careful microscopical examination 


Fic. 145.—Endometrial cyst of the ovary. 


of the wall of these cysts discloses in them tissue 
indistinguishable from endometrium. There can be 
no doubt at all that such cysts are in fact the ovarian 
follicles distended by retained menstrual blood. 
They are frequently multiple in the ovary and may 
on occasion attain a large size. Their characteristic 
symptom is the appearance of increasing pain at each 
monthly period in a patient who has had previously 
no pain at all. It is a feature of these cysts that 
they tend to perforate. If this is gradual, the point 
of imminent perforation becomes adherent to ad- 
jacent structures, usually the posterior layer of the 
broad ligament, and these in turn are invaded by 
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endometrial tissue. If, on the other hand, the perfora- 
tion is sudden, the contents of the cyst leak into the 
peritoneal cavity, giving rise to an acute abdominal 
emergency. A knowledge of these cysts is therefore 
of importance to the general surgeon, for the sudden 
rupture of a chocolate cyst causes severe peritoneal 
irritation and symptoms closely resembling those of 
acute appendicitis. Gradual perforation is unlikely 
to cause so dramatic a picture, but even here a chronic 


FIG. 146.—Peritoneal endometriosis. The rectum is drawn 
up and adherent to the cervix, obliterating the pouch of 
Douglas—a characteristic feature. 


appendix may be suspected, and the organ removed 
without alleviation of the symptoms. In the treat- 
ment of ovarian endometriosis it is important to 
remember that in younger women the main principle 
must always be to preserve ovarian tissue, and nearly 
always the cyst, irrespective of its size, can be env- 
cleated from out the ovary. There is another form 
of endometriosis affecting the ovary which exhibits 
small superficial areas resembling blood blisters on 
the surface (Fig. 146). It may or may not be associ- 
ated with similar deposits on the pelvic peritoneum 


_ and is essentially part of a peritoneal endometriosis. 


The peritoneum will show either discrete nodules, 
some obviously blood-stained, or a diffuse thickening 
which becomes very adherent and rigid. The 
front and back wall of Douglas’s pouch and the 
lower part of the posterior face of the broad ligament 
are the parts most commonly affected, but one cas¢ 
at least is on record where a small endometrioma 
was found on the under surface of the diaphragm. 
The rectum becomes characteristically drawn up 
and, adhering to the cervix, obliterates the pouch 
of Douglas. Curiously enough, in this situation 
the characteristic pain is often absent. From the 
pouch of Douglas extension may occur into the 
vaginal vault or into the rectovaginal septum—! 
the latter case even invading the rectum. ; 

I pass on now to the rarer situations in which 
endometriomata are found. 

Round Ligament.—Seeing that the round 
ligament is in direct continuity with the uterus; 
it might be thought that endometriosis in this 
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situation would be common, but such cases are 
rare, and I have only seen one myself, but Mr. 
Zachary Cope has kindly allowed me to quote a 
recent case of his. The patient was admitted as 
a case Of strangulated hernia. She complained of 
qa painful swelling in the right groin which varied 
in size and which she had had for five years. Two 
years prior to its first appearance she had a hysterec- 
tomy for fibroids. Examination showed a firm, 
tender mass about 1} in. in diameter in the region 
of the right external inguinal ring. At operation 
it was found to have no capsule, but there were a 
number of small blood spaces on the cut surface. 
Section confirmed that it was an endometrioma. 
The features of the one case of which I have personal 
experience were practically identical with those of 
Mr. Cope’s patient, and I am also acquainted 
with another where the swelling was situated well 
below the level of the external abdominal ring. 
It was excised and found to be an endometrioma 
and—this is the most interesting part of the 
case—a recurrence took place 18 months later 
lower down still in the substance of the labia 
majora. ‘This also was excised and proved to be 


endometriomatous. 

The Perineum.—Cases are recorded of endo- 
metriosis affecting the lower part of the genital 
tract—that is, the cervix, the vagina below the 


Fic. 147.—Endometrioma of the perineum. (Mr. 7. 


White’s case.) 


fornix, and the perineum—but they are rare; and 
when one considers the many opportunities that are 
afforded for endometrial tissue to implant, after 
labour or after repair operations preceded by a 
curettage, it is rather surprising that this is so; 
in fact, probably not more than a dozen cases 
of perineal endometriosis have been described in 
the literature. 

I have been furnished with the details of such a 
case. She had had one child born in 1935, when 
the perineum was torn and sutured. A year later 
she noticed itching in the perineum where a small 
lump could be felt. Later this began to bleed two 
days before a menstrual period and after trauma. 

hen seen three years later there was a raised 
Purple warty tumour of fleshy consistency and about 

€ size of a walnut situated in the perineum. It 
Was noticed that the rectovaginal septum above 
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the tumour was normal, and that there was no 
apparent abnorraality of the pelvic organs (Fig. 147). 
Excision and microscopy confirmed that it was an 
endometrioma. 


Fic. 148.—Endometrioma of the umbilicus. 


The Umbilicus.—Rather fewer than 50 cases 
of umbilical endometriosis have been reported, and 
most of these have occurred in the fourth decade 
of life. It appears as a small lump in the umbilicus, 
which enlarges and becomes tender at the time of 
the menstrual period. In some instances bleeding 
occurred externally from the tumour (Fig. 148). 
Pelvic endometriosis is often present as well. Treat- 
ment is by simple excision, but the coexistence of 
pelvic endometriosis will naturally call for separate 
measures. 


Fic. 149.—Endometrioma of the bladder. Premenstrual 
appearance on cystoscopic examination. (Mr. R. B. Phillips’s 
case—reproduced from the ‘‘ fournal of Obstetrics and Gyne- 
cology of the British Empire’, by courtesy of the Editors.) 


Bladder.—Endometrioma of the bladder is a 
very rare, but important, disease. L. R. Reynolds 
(1939) collected 34 cases from the literature and 
added 1 of his own. The bladder may be involved 
in two ways: either by direct extension from 
endometriosis of other pelvic organs, such as the 
uterus or ovary; or-it may appear to arise de novo 
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in the bladder wall itself. The posterior wall of 
the bladder—in the neighbourhood of the trigone— 
is usually affected and the ureteric orifices may be 
involved. The tumour primarily is confined to the 
muscular wall, but later may invade the epithelial 
lining. It is not encapsulated and at operation may 
be mistaken for a carcinoma. In a case reported 
by Phillips (1934), cystoscopy revealed an ulcerating 
polypoid growth, leading to a diagnosis of carcinoma, 
and it was only after a transurethral biopsy had been 
done that its true nature was recognized. The 
appearance on cystoscopic examination depends on 
whether the mucosa is encroached upon. If not, 
the tumour appears as a rather sharply defined area 
of congestion, but when the epithelium is invaded, 
there will be seen grape-like cysts and what has 
been described by Phillips as ‘“‘ blue folds of 
oedema ” (Fig. 149). 

The symptoms are usually characteristic. There 
are cyclical attacks of frequency of micturition, 
dysuria, and suprapubic pain. If the epithelium is 
involved, hematuria will occur at the time of the 
menstrual period. Examination of the anterior 
fornix will show a tender mass in the uterovesical 
fold and cystoscopy supported by biopsy will clinch 
the diagnosis. 

Treatment depends on (1) the age of the patient 
and (2) whether the ureteric orifices are involved. 
As with endometriosis elsewhere in patients in the 
neighbourhood of 40 years of age, castration by 
irradiation will be followed by regression of the 
tumour and disappearance of symptoms in most 
cases. 

In young patients radical resection may be 
preferable. If the ureteric orifice is involved 
partial cystectomy and reimplantation of the ureter 
may be necessary. 

Occasionally the condition recurs after local 
excision and even after castration, and in such cases 
partial cystectomy is the only course. 

Ureter.—Only 2 cases of primary ureteric endo- 
metrioma have been reported, but the ureter may be 
involved secondarily in endometriosis of the cervix, 
the pouch of Douglas, the rectovaginal septum, 
and the ovary if the latter is adherent to the side wall 
of the pelvis. This occurs far more commonly than 
is supposed and is a most important factor in some 
cases of otherwise unexplained recurrent pyelitis, of 
which I have seen several. Treatment follows along 
the same principles as before—in young patients 
excision of the affected part of the ureter with 
reimplantation into the bladder being required 
when the duct is deeply affected. 

Laparotomy Scar.—Endometrioma occurring 
in a laparotomy scar is not rare, and affords the 
strongest evidence that direct implantation of endo- 
metrium can occur (Fig. 150). Many of these cases 
follow operations in which the cavity of the uterus 
has been opened, such as Cesarean section, or 
during myomectomy, or after abdominal curettage. 
They may also follow salpingectomy and the opera- 
tion of ventrofixation. Sampson in a recent paper 
(1945) studied 17 cases, and in 16 the condition 
had followed a salpingectomy. In his experience 
the shortest interval between the operation and the 
appearance of the tumour was two years, the longest 
seventeen years. Mr. Victor Bonney tells me he 
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has had 6 cases of his own, 5 of which fo!lowed 
abdominal curettage. In none of his cases was 
the parietal peritoneum involved, nor was there any 
evidence of endometriosis in the pelvis. The 


tumours in these cases were undoubtedly the result 


Fic. 150.—Endometrioma in a laparotomy scar. 


of direct implantation of endometrium in the abdo- 
minal wall, and it is worthy of note that since he 
used rubber sheeting to protect the exposed tissues 
of the abdominal wall, he has had no further cases. 
If laparotomy and inspection of the pelvis indicates 
that the condition is an isolated one, local excision 
is enough, but in cases where there is evidence of 
direct continuity with the uterus or appendages 
hysterectomy will probably be required. 

The Bowel.—Endometriosis affecting the intes- 
tinal tract is the sphere likely to be of most interest 
and concern to the abdominal surgeon. The small 
and large intestines may both be the site of endo- 
metriosis. In some cases the bowel is found 
attached to an area of endometriosis in the genital 
organs, direct invasion occurring in this way. 
Especially is this likely in the case of the sigmoid 
colon, while the rectum is prone to be invaded 
directly from endometriosis in the rectovaginal 
septum. The appendix, too, may be similarly 
involved, and Sampson has shown that this is 
most likely when that organ dips into the pelvic 
cavity. 

It is, however, most important to remember 
that the bowel may be the site of endometriosis 
without the pelvic organs being affected, and modi- 
fications in the clinical picture are to be expected 
accordingly. 

The Small Intestine.—The symptoms of 
intestinal endometriosis are subject to minor vafia- 
tions according to the segment of bowel concerned. 
In the case of the small bowel the patient will give 
a history of increasing pain with attacks of vomiting, 
distension, and constipation which coincide with 
the monthly periods. Here are two _ illustrative 
cases :— 


The first was a patient aged 44, who had an attack 
of severe pain in August, 1940, which was diagnose 
as an appendicitis. She was seen six months later 
complaining of severe abdominal pain, and she 
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all the symptoms of intestinal obstruction. At operation 
the small bowel was found to be grossly distended and 
the colon collapsed. There were two tight strictures, 
4in. and 6 in. proximal to the ileocecal valve, closely 
resembling a carcinoma. Resection of the affected 
howel was performed and the patient made an excellent 
recovery. Microscopy showed that the strictures were 
due to endometriomatous deposits. 


The second was a patient, aged 37, who had had 
attacks Of pain in the right lower abdomen for some 
time, recently becoming more frequent and _ finally 
very severe. An acute appendicitis was diagnosed. At 
operation, however, the appendix was found to be normal, 


small intestine. 


Fic. 151.—Endometrioma of the 
(Dr. E. C. Atkinson’s case.) 


but 18 in. from the ileoczecal valve the bowel was much 

puckered over a tumour in its wall about the size of a 

small walnut and very hard. As the condition was 

thought to be a carcinoma, resection was performed 

and the patient made an uneventful recovery. The 

ey reported an adenomyoma of uterine origin 
ig. 151). 


I would like to emphasize some points common 
to these two cases. In both, the symptoms were 
most noticeable at the time of menstruation and 
were becoming more and more severe. Both at 
first were considered to be cases of appendicitis, 
though in the former case signs of intestinal obstruc- 
ton eventually supervened. At operation both 
were considered to be carcinoma and were treated 
with resection. On opening the gut, however, 
after it had been resected, it was noticed that there 
was no involvement of the mucosa—a significant 
observation. 

Sigmoid Colon.—Several cases of endometri- 
oma of the sigmoid colon have been reported. 

mplete intestinal obstruction in this situation is 
very rare. Occasionally the patient may pass blood 
Per rectum during a menstrual period, but this is 
uncommon. The mucosa is rarely invaded and 
‘igmoidoscopy reveals little, except that its per- 
ofmance causes considerable pain and may be 

cult owing to surrounding adhesions. Any 
degree of stricture may be found. I will describe 
a few cases to illustrate this condition :— 
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The first, a patient aged 40, complained of abdominal 
pain for a week before each period and constipation was 
very marked at this time. At operation endometriosis 
was seen involving the posterior uterine wall, both 
ovaries, and the pouch of Douglas. There was also a 


FIG. 152.—Endometrioma of the sigmoid colon. 
(Mr. F. B. Blaikley’s case.) 


stricture in the middle of the pelvic colon which the 
surgeon correctly diagnosed as an endometrioma 
(Fig. 152). He performed hysterectomy, removed both 
ovaries, and resected the involved pelvic loop—perform- 
ing a Paul’s operation. The bowel in this case was 
completely encircled and it was not possible to get the 
tip of the little finger through the constricting ring. 
The mucous membrane was not involved and moved 
freely over the constriction. 


The second, a young woman aged 30, complained 
of severe premenstrual pain of recent origin in the left 
ovarian region. Clinical findings made me suspect a 
left ovarian endometrial cyst. At laparotomy I was 
surprised to find no evidence of genital endometriosis, 
but so typical was her history that I explored the bowel, 
and at the lower end of the sigmoid I found a tumour 
the size of an olive showing typical blood-spots. I 
was able to perform a local excision, avoiding a resection 
which would have been difficult at this level. 


The third occurred in a woman, aged 50, complaining 
of pain in the left iliac fossa which was exacerbated at 
the menstrual period. She had an-endometrioma of 
the left ovary which had invaded the sigmoid colon. 
Both ovaries were removed and she is now free from 
symptoms. 


The fourth was a woman, aged 51, with multiple 
fibroids, but as she had complained of severe left-sided 
pain, constipation, and distension, her doctor suspected 
an intestinal growth. He asked me to explore the 
bowel when I performed the hysterectomy. This I did, 
and in the pelvic colon I found a tumour the size of a 
walnut, showing the typical blood-cysts. As she was 
51, I did no more than remove both ovaries. Shrinkage 
must have occurred rapidly, for within three weeks she 
told me she was now free from pain. 


Rectum.—As endometrium of the pouch of 
Douglas is common, some involvement of the 
rectum may be said to be a fairly frequent occurrence. 
The degree of involvement varies from a mild 
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condition to an extensive involvement of the bowel, 
especially in cases of advanced endometriosis of the 
rectovaginal septum; in fact, cases have been 
diagnosed as carcinoma and treated by abdomino- 
perineal excision. The symptoms of pain on de- 
fecation, with bleeding, and a mass felt per rectum, 


may well lead the surgeon to make a diagnosis of 


rectal cancer, but if a proctoscope is passed the 
mucosa appears to be unaffected. The condition 
may also occur higher up in the bowel and the 
tumour may appear as a small lump in the rectal 
wall or may even project into its lumen as a 
polypus. The following two cases illustrate this 
condition :— 


The first was a patient who complained of rectal 
bleeding. On examination a sessile tumour on the 
anterior wall was found just in reach of the finger. 
Under anesthesia the tumour was drawn down and it 
was seen to be covered with healthy mucous mem- 
brane. This was incised and the tumour dissected out 
and removed for biopsy. At the same time, it was found 
that the base of the tumour involved the pelvic peri- 
toneum and removal had caused an opening into the 
peritoneal cavity. A second tumour higher up was not 
accessible for removal per rectum. The abdomen was 
therefore opened and extensive pelvic endometriosis was 
revealed. Further treatment was limited to the induc- 
tion of the menopause by X rays. She reported three 
years later, again complaining of rectal bleeding. I was 
asked to see her and found she had been taking stilb- 
cestrol for some months, which had, presumably, re- 
established the condition of endometriosis and conse- 
quently bleeding was occurring from the remaining 
polypus. At all events, when she was taken off stilb- 
cestrol the bleeding ceased. 


FIG. 153.—Endometrioma of the rectum. 


The other case was of a different nature. The 
‘patient, aged 34, had been transferred from another 
hospital where laparotomy had revealed a tumour of the 
rectocolic junction. She complained of rectal bleeding 
at the menstrual periods and dysmenorrheea of some 
months’ duration. Examination showed a mass in the 
pelvis and extensive thickening in the anterior rectal wall, 
and a diagnosis of rectal carcinoma was made. An 
abdominoperineal excision was performed and the patient 
made an excellent recovery (Fig. 153). Histological 
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examination of the growth showed an endomeirioma, 
She remained symptom-free for about eighteen months 
when she returned complaining of abdomina! pain, 
The uterus was found to be retroverted and fixed, 
and a recurrence of endometriosis was thought to be 
sufficiently probable to warrant a small dose of intra- 
uterine radium. ‘Ten months later she became pregnant 
and was delivered by Cesarean section. 

I saw her at the end of 1945. She is now 51 and has 
seen no periods for three years. Pelvic examination 
revealed no evidence of endometriosis and she is well 
and free from symptoms. 


From a study of the previous cases of intestinal 
endometriosis it will be observed that it may be 
extremely difficult, if not impossible, to differentiate 
endometriosis from carcinoma when the abdomen 
is opened. The main points that may be helpful 
in distinguishing the two are: first, the association 
of pelvic endometriosis; secondly, the presence 
of blood-cysts in the tumour, if visible; and 
thirdly, for the size of the growth, secondary involve- 
ment of the glands in endometriosis is either absent 
or, if present, minimal. Nevertheless, in many 
cases differentiation from carcinoma at the time of 
operation is not possible with any degree of certainty, 
and in all cases in which there is doubt resection of 
the affected loop is the proper course. This applies, 
too, to all young patients even when the diagnosis 
is not in doubt if the condition is too extensive for 
local excision. 

It is only possible to modify treatment in un- 
doubted cases of endometriosis in patients over 
40 where induction of an artificial menopause by 
odphorectomy or radiation will avoid the need for 
more extensive and dangerous procedures. It may 
even be called for in young subjects where the 
pelvirectal junction or rectovaginal septum is so 
extensively involved that abdomino-perineal resec- 
tion is the only operative procedure capable of 
removing the growth. 


THE GENESIS AND METHOD OF 
SPREAD OF ENDOMETRIOSIS 


I have postponed this discussion to the last 
because the occurrence of endometrioma outside 
the genital area has an important bearing on the 
subject. 

The phenomenon of endometriosis is unique 
in this respect, that a whole normal adult tissue— 
not a single type of cell—transplants itself and 
grows in tissues foreign to it. Throughout active 
sexual life the endometrium is renewed every month, 
with the result that it never grows old ; in fact, it 1s 
a ‘ Peter Pan’ amongst tissues, perpetually retaining 
that vigorous growth propensity which makes tt 
peculiarly suitable for tissue culture. In proof 
of this, twelve years ago, in this College, at Mr. 
Victor Bonney’s suggestion, human endometrium 
was grown successfully zn vitro. 

With this knowledge, the occurrence of endo- 
metriomata in laparotomy scars by direct implanta- 
tion becomes an event which one would expect 
occasionally to happen; and, further, one might 
anticipate that at times the endometrium wo 
invade the uterine muscle that underlies it. What 
in the first instance, tips the balance between the 
growth power of the endometrium and the resistance 
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of the muscle, is unknown to us, but it is certain 
that in uterine endometriosis invasion occurs along 
the intertissue spaces—a lymphatic permeation, 
in fact—the invaded tissues reacting by hypertrophy 
and fibrosis until a definite, though unencapsulated, 
tumour mass is formed. In the case of endo- 
metriosis of the ovaries and pelvic peritoneum the 
most popular explanation is the ‘ spill’ theory of 
Sampson (1921), and as far as surface endometriosis 
js concerned, this is adequate. A difficulty arises 
in the case of the endometrial cysts of the ovary 
(chocolate cysts) which, it is to be remembered, are, 
of all types of extra-uterine endometriosis, by far 
the most common. They are sited in the ovarian 
follicles, often quite deeply embedded in the ovary 
and enucleable from it. Fragments of endometrium 
escaping from the tube could only find their way 
into a follicle after dehiscence, whereas many of the 
follicles affected have almost certainly never dehisced. 
The serosal theory is also incapable of explaining 
their occurrence, unless it is postulated that the 
follicular cells themselves can undergo such meta- 
plasia. As yet, there is no proof of this. 

There remains the Lymphatic Theory. The 
ovary is in direct lymphatic communication with 
the uterus and being an ‘ end-organ’ is frequently 
the site of secondary carcinomatous deposits, espe- 
cially when the primary growth is in the uterus. 
The rectum and rectocolic junction, the bladder, 
and the lower end of the ureter are so close to the 
uterus that no great length along the intertissue 
spaces has to be traversed. The appendix, colon, 
and small intestine are farther afield, but they are 
in communication through their mesenteries with 
the retroperitoneal tissue, of which the parametrium 
forms a part. Cases have been published where 
endometriomatous deposits have been found in the 
inguinal, pelvic, and mesenteric glands. They have 
even been found in the lymphatic ducts themselves 
—this is direct proof of lymphatic conduction. 

The occurrence of umbilical endometriosis 
cannot be explained by any theory other than that of 
lymphatic spread, and in this connexion I would 
remind the reader of the work of Sampson Handley 
(1910), who showed in his study of the “ Surgery 
of the Lymphatic System” that the umbilicus is 
tichly supplied with lymphatics and that secondary 
deposits may occur there when _ intraperitoneal 
carcinomatous cells are implanted on the anterior 
parietal peritoneum. ‘The presence of these metas- 
tases, he asserts, is proof that cancer cells have 
obtained access to the peritoneal cavity. It is 
hoteworthy that in cases of umbilical endo- 
metriosis, obvious pelvic endometriosis frequently 
coexists, 

It appears, therefore, from a survey of all the 
facts at our disposal that endometriomata wherever 
they occur are the result of the endometrium taking 
upon itself lymphatic permeation. 
of ‘tubal spill’ cannot be absolutely disproved, but 
when we have an hypothesis adequately covering 
all the known facts it seems unnecessary to put 
forward a second one which only accounts for a 
few of them. Moreover, allowing that spill occurs, 
We still have to invoke lymphatic permeation to 
account for the occurrence of endometriomata in 
Positions remote from the peritoneum. 


The occurrence’ 
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EPILOGUE 


In the foregoing I have tried to cover the main 
features of endometriosis as it is likely to concern 
the general surgeon as much as the gynecologist. 

I have indicated the various syndromes that may 
result from its extension beyond the genital tract, 
and I have referred to the theories that explain, or 
attempt to explain, the manner of its extension. 

There remains but one issue still to be discussed, 
and I will make it the epilogue to my subject, even 
though it means that I must end on a note of interro- 
gation. It is this: What place in the pathological 
gallery should be assigned to the picture of endo- 
metriosis ? Where does it properly belong in our 
catalogue of diseases, that it may be seen in its true 
perspective in relation to other pathological pro- 
cesses whose position is more assured ? 

Clearly it is of the order of a growth, and an 
abnormal growth at that. Is it malignant, or is it 
benign ? 

In the vigour of its growth, in its power of 
invasion, and in its tendency to metastasize, it 
undoubtedly resembles a malignant growth. But 
the normal endometrium has the same vigour 
even outside its natural habitat, as was shown by 
successful tissue culture. 

Further, the tissue of an endometrioma, whatever 
it may be, is under the same rigorous functional 
control as the normal endometrium—namely, that 
of ovarian activity. And even in its metastases, the 
extent of its invasion seems to be limited.. Where 
in the sphere of malignancy is there anything com- 
parable with this? On the other hand, we are not 
justified in describing the endometrioma as a benign 
growth and there letting the matter rest. There is 
much more to it than that. For instance, we have 
only considered the part played by the ovary in 
controlling the behaviour of endometriomata. Is 
it possible that some abnormality of ovarian or 
related endocrine function may be responsible for 
its occurrence? This view recalls the analogous 
theories advanced by workers on cancer, seeking 
to incriminate the endocrine system as the respon- 
sible agent in the production of malignant growths. 

However this may be, it seems that endometriosis 
must be accorded a position somewhere between 
benign and malignant growths, two separate states 
of which the true relation has so far escaped the 
most searching scrutiny. 

Is it too much to hope that further study and 
research in this problem will bring with it the key 
to the essential nature of malignancy itself? 


I am greatly indebted to my many friends and 
colleagues who have so kindly allowed me access 
to the notes of their cases and supplied me ..ith 
valuable information. 
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SOME RECENT ADVANCES IN PANCREATIC AND BILIARY 
TRACT SURGERY 


INCLUDING SOME CASE REPORTS 


_— s. oe 


CARCINOMA arising from the duodenal papilla, 
ampulla of Vater, and the distal inch of the common 
bile-duct and pancreatic duct (henceforth in this 
paper called ampulla-papillary carcinoma) must be 
carefully distinguished from carcinoma of the head 
of the pancreas proper, because although they have 
many features in common, they differ fundamentally 
in their pathology and prognosis, and to a lesser 
degree in their clinical course. But owing to the 
difficulty of diagnosing one from the other both 
before and at operation, and because of the similarity 
of the surgical procedure employed for both, these 
two lesions are best considered together—due 
emphasis being paid to their dissimilar features. 
The ampulla-papillary group of carcinomas are 
considered as of one type because of the impossibility 
of determining the exact site of origin in many cases, 
even after careful microscopical examination (Ewing, 
1928; Hunt and Budd, 1935 ; Outerbridge, 1913). 

Carcinomas in this region have hitherto been 
looked upon as the most formidable of diseases, and 
have shared the honours with carcinomas of the 
cesophagus as the last to yield to the skill and in- 
genuity of the surgeon, who has been greatly helped 
in this respect during the last 10 years by advances in 
biochemistry and in blood and plasma transfusions. 
The age of the patient, the deep retroperitoneal 
position of these growths, their close relationship 
to vital blood-vessels, and the development of 


D’OFFAY, LEICESTER 


jaundice with subsequent failure of the liver func- 
tions are the factors which gave a practically hope- 
less outlook to these lesions—so much so that in 
1905 Lord Moynihan, when discussing the few 
cases (13 in number) that had been subjected to 
operation up to that time, wrote: ‘‘ The results 
serve to show that the mechanical difficulties of the 
operation are well-nigh insuperable, and that if 
boldness and good fortune are the operator’s gifts, 
the result to the patient hardly justifies the means”. 
This attitude prevailed and was reiterated by sut- 
geons from time to time until 1935, when Whipple, 
Parsons, and Mullins (1935) stimulated new interest 
in this subject by their able advocacy of a new two- 
stage operation. 


AETIOLOGY AND INCIDENCE 


Nothing is known of the aetiology of the disease. 

Carcinoma of the ampulla-papillary region occurs 
in I-13 per cent of all carcinomas, and 0-09 per cent 
‘of all autopsies (Lieber, Stewart, and Lund, 1939). 
It is an uncommon tumour, 222 verified cases having 
been reported in the literature up to 1939 (Lieber 
et al., 1939). The age and sex incidence is the sameé 
as for carcinoma of the pancreas. 

Carcinoma of the pancreas accounts for 3 pée 
cent of all cancer deaths (Clute, 1936). The ag¢ 
incidence is similar to that of carcinoma of the 
stomach, and the male/female ratio is 2to1. Rives; 
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Romano, and Sandifer (1937) give the following ratio 
of distribution from a collective review of 415 cases : 
head 66 per cent, body and head 18 per cent, body 
6 per cent, and tail Io per cent (Fig. 154). 


~ 0% 





16% 
Fic. 154.—Distribution of carcinomata in the pancreas. 
(After Rives, Romano, and Sandifer, 1937.) 


The relative incidence of ampulla-papillary 
carcinoma and carcinoma of the head of pancreas 
has received scant attention. Accuracy demands 
confirmation of the diagnosis by biopsy or autopsy. 
The figures given by Schnedorf and Orr (1941) and 
by Ransom (1938) alone meet these requirements, 
but are perhaps too small to be of value. The 
proportion of carcinoma of head of pancreas to 
ampulla-papillary carcinoma is approximately 8 to 5. 


PATHOLOGY 

Ampulla-papillary Carcinoma.—All pathol- 
ogists who have studied the subject are agreed 
that carcinomas arising from the ampulla-papillary 
region are of two types: a papillomatous growth 
projecting into the duodenum and measuring 3-3 
in. in diameter ; or a flat ulcerating growth which 
may be so small as to remain undetected in a 
hurried examination or simulate a stricture of the 
lower end of the common bile-duct. These tumours 
remain localized for a relatively long time, rarely 


invading the head of the pancreas, and are late in 


metastasizing to the regional lymph-nodes. Such 
favourable features are probably due to the early 
onset of jaundice, and were first pointed out by 
Outerbridge (1913), who found metastases in 22 
per cent of 110 cases reported in the literature up 
to that time. Dick (1939) has recently confirmed 
those findings. A review of the reported cases 
(Table I) reveals that lymph-node metastases occurred 
In 24°6 per cent of the cases. 


Table I.—INCIDENCE OF LYMPH-NODE METASTASES IN 
AMPULLA-PAPILLARY CARCINOMA 


No. of 

Author Cases 
Perry and Shaw (1893) 15 
Outerbridge (1913) IIo 
Cohen and Colp (1927) 4 
Whipple et al. (1935) 7 
som (1938) 5 

Bagenstoss (1938) 28 I5 (53:6 per cent) 

Dick (1939) 13 I (7-7 per cent) 


182 45 (24 per cent) 


Carcinoma of the Head of Pancreas.—The 
head alone is the seat of growth in 40-66 per cent of 
cases. The growth arises from the epithelium of the 
acini or smaller ducts, and is usually hard and scir- 
thous, The grade of malignancy is unfortunately 

sh in most cases (81 per cent), corresponding 


Metastasis Present 


3 (20 per cent) 
24 (22 per cent) 


° 
2 (28 per cent) 
fo) 
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to gastric carcinoma in this respect. Drapiewski 
(1944), of the Mayo Clinic, found the following 
grades of malignancy in 82 carcinomas of the 
pancreas: Grade I, I case (1:2 per cent); Grade 
2, 14 cases (17 per cent); Grade 3, 33 cases 
(40 per cent); Grade 4, 34 cases (41 per cent). 
“* Because of its highly infiltrative growth, the exact 
limits of the neoplasm are not discernible. Indeed, 
microscopical section usually shows extension of 
malignant cells at some distance into pancreatic 
tissue which appears grossly uninvolved.”’ (Brunsch- 
wig, 1942) (see Case 3 reported here). At operation 
or autopsy invasion of the duodenal wall, mesocolon, 
and adjacent blood-vessels is a frequent finding. 
Finally, metastases to lymph-nodes, liver, and lungs 
occur relatively early. Drapiewski (1944) found 
metastases in lymph-nodes in 73:2 per cent of 82 
cases examined. All reports agree that early and 
extensive metastases are the rule, and that the disease 
is rapidly fatal, the illness averaging 4} months. 
Of 12 cases reviewed at autopsy, Ransom (1938) 
found only 2 cases operable, one in the head, the 
other in the body. Of 46 cases of carcinoma of the 
head of the pancreas and ampulla-papillary region 
seen during a 2-year period (1942-4), Cattell (1945) 
reports 3 radical excisions for carcinoma of the head 
of the pancreas, whereas there were 13 such excisions 
for ampulla-papillary carcinoma. 


DIAGNOSIS 


Clinical Features.—Carcinoma of the ampulla- 
papill:ry region and to a less extent of the head of 
the pancreas possesses only one good feature: the 
development of jaundice at a relatively early stage 
of the disease. Classically the jaundice is painless 
and progressive ; but recent studies have definitely 
proved that in a high proportion of cases the jaundice 
is neither painless nor progressive. 

Icterus occurs in practically all cases of carcinoma 
of ampulla-papillary region. It was present in 105 
of 110 cases reported by Outerbridge (1913), and 
in all 52 cases reviewed by Pallin (1920). In carci- 
noma of the head of the pancreas, jaundice was 
observed in 86 per cent (Rives et al., 1937) and 81 
per cent of cases (Berk, 1941), and severe abdominal 
pain in 46 per cent of cases (Drapiewski, 1944). 
When carcinoma of all parts of the pancreas are 
considered the incidence of jaundice is naturally 
lower (7I per cent) and pain higher (76 per cent) 
(Drapiewski, 1944). Indeed, pain is a major com- 
plaint in such cases. In Ransom’s series (1938) of 
109 cases of carcinoma of the pancreas and bile- 
ducts, abdominal pain was the major complaint in 
45 per cent of cases and the most common initial 
complaint. In half the cases the pain was felt in 
the epigastric region and had a continuous boring 
character, going through to the back. In the 
others the pain closely resembled mild attacks 
of biliary colic. Pain associated with carcinoma of 
ampulla-papillary region is almost invariably of the 
latter type. 

Loss of weight, anorexia, and asthenia are early, 
rapidly progressive features in carcinoma of the head 
of the pancreas, usually preceding the jaundice ; 
whereas in ampulla-papillary carcinoma they are 
less marked and manifest themselves only after the 
onset of jaundice (Cattell, 1945). 
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Reflex vomiting occurs in one-third of the cases, 
while progressive vomiting due to duodenal obstruc- 
tion by growth occurs occasionally as a late or the 
only presenting feature of the disease. Severe con- 
stipation is present in over a third of cases (36 per 
cent) and steatorrhoea in 12 per cent (Ransom, 1938). 

Fever and rigors occur occasionally, and may be 
conspicuous features (Case 4, herein described). 

Examination of the abdomen usually reveals the 
edge of an enlarged liver, and may reveal the presence 
of a pancreatic tumour (23 of 35, i.e., 65 per cent, 
cases of carcinoma of pancreas—Schnedorf and Orr, 
1941) (tumours of the ampulla-papillary region are 
usually too small to be palpable), secondaries in the 
liver and peritoneum, free fluid in the peritoneal 
cavity, and finally a dilated gall-bladder. One 
should be chary of concluding inoperability when 
there is free fluid in the peritoneal cavity. The 
writer has observed two cases of carcinoma (one 
pancreatic, one gastric) during 1945, in which free 
fluid in the peritoneal cavity was caused by starva- 
tion hypoproteinemia. In both cases the free 
fluid completely disappeared after the administration 
of a high protein and carbohydrate diet. 

Dilatation of the gall-bladder is present in nearly 
all cases. Its detection clinically or at peritoneo- 
scopy or operation is of such diagnostic importance 
that we should pause to consider its significance in 
some detail. Courvoisier’s law, which is concerned 
with the problem, states literally: ‘“‘ With obstruc- 
tion of the common duct by stone, dilatation of the 
gall-bladder is rare; the organ being usually 
shrunken. With other types of obstruction, on the 


other hand, dilatation is the rule; shrinking occur- 


ring in only one-twelfth of the cases”. This law 
was enunciated by L. G. Courvoisier in a small 
monograph dealing with the pathology and surgery 
of the biliary tract published in 1890. In this he 
described the condition of the gall-bladder in 187 
cases of obstruction of the common bile-duct with 
jaundice. In 87 cases the obstruction was due to 
stones, and of these 80 per cent had a shrunken 
gall-bladder. On the other hand, in 92 per cent 
of the 100 cases, in which obstruction was due to 
causes other than stones, the gall-bladder was 
distended. Courvoisier went on to explain this 
striking difference by pointing out that infection of 
the gall-bladder wall, nearly always present with 
stones, produced so much fibrosis that dilatation 
was impossible. With other causes the thin-walled 
bladder was able to dilate, sometimes to large 
proportions. 

This law has since been fully confirmed 
repeatedly: Cabot (1909) gives the following 
figures for 86 cases studied: 57 cases of stones in 
common bile-duct—in 2 only was the gall-bladder 
dilated ; whereas in 29 cases of carcinoma of the 
head of the pancreas, only 2 did not present a 
distended bladder. Thus 4 cases out of 86 proved 
the exception to the rule. Ransom (1938) found a 
dilated gall-bladder in 83 per cent of 109 cases of 
obstructive jaundice due to carcinoma. 

Clinically it is possible to feel the distended gall- 
bladder in only half the cases (Eustermann, 1922, 
138 cases studied). Thus Courvoisier’s law is of 
much greater practical importance at peritoneo- 
scopy or laparotomy than at the bedside. 
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Radiography.—In Lieber, Stewart, and Lund’s 
(1939) series positive evidence of a lesion in the 
region of the papilla was found in 16 of 60 cases 
(27 per cent). In carcinoma of the head of the 
pancreas positive evidence in the form of widening 
of the duodenal curve or compression or invasion 
of the duodenal lumen usually signifies a late stage of 
the disease (Brunschwig, 1942). 

Tests of Liver Function.—These tests are 
most useful and constitute an important advance 
in the diagnosis and treatment of jaundiced states, 
It is well to know that these tests have certain 
limitations, and to remember that the liver is an 
organ performing many functions, which are not 
equally injured by a disease process or toxic agent, 
There is “‘ dissociation of the functional activities 
of the liver”? (Mann, 1942). The value of the 
tests is that, on the one hand, they reliably assist 
in the diagnosis between obstructive and _ hepato- 
genous jaundice, and on the other they detect the 
presence or absence of liver insufficiency. A know- 
ledge of the latter is, of course, of the greatest 
importance in guiding the pre-operative treatment, 
the type of operation and post-operative management, 
and in the prognosis. 

The absence of bile in the duodenal contents 
and feces, and the absence of urobilinogen from 
the urine signify complete obstruction of the bile- 
ducts—the classical features of obstructive jaundice, 
in the early stages of which the liver functions are 
normal. On the other hand, there is the typical 
picture of hepatogenous jaundice with bile in the 
stools and increased amount of urobilinogen in 
the urine with failure of the liver functions early 
in the disease. Now, if these two types of jaundiced 
states remained as such, or if all cases of jaundice 
could be seen within one or two weeks of onset, 
there would be little difficulty in distinguishing one 
from the other. But the types tend to merge: 
complicated by hepatitis; and 
hepatitis by obstruction. In obstructive jaundice 
due to stone or neoplasm in the bile-passages, liver 
damage is brought about by continued back pressure 
or by infection or both. In pure hepatogenous 
jaundice (toxic, infective, and cirrhotic), intra 
hepatic biliary obstruction occurs in 20 per cent of 
cases (Steigmann and Popper, 1943). Indeed, these 
authors found evidence of some obstruction in nearly 
all cases of hepatitis; but complete obstruction of 
2-30 days’ duration occurred in 20 per cent of 127 
cases studied. The liver in these cases shows 
dilatation of the small bile capillaries within the 
parenchyma all the way to the portal triads (Poppet; 
1936; Hanger, 1940). According to Aschoff (1937) 
“The morphologic picture localizes the obstruction 
in the region of the periportal fields at the junction 
between the bile capillaries and bile-ducts. Here 
the most vulnerable part of the biliary system 's 
localized ”’. 

Steigmann and Popper (1943) proceed to show 
that the simplest way of recognizing the real naturt 
of these cases of hepatitis complicated by intra 
hepatic obstruction is to determine the urobilinog” 
excretion in the urine for a prolonged period. — 
isolated estimation may give an erroneous impressio0. 
“‘A continuous observation of the urobilinogt? 
excretion throughout the course of the disease woul 
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show first an increase, then a decrease (period of 
obstruction), and then again a rise before improve- 
ment, and finally a drop to normal levels.” 

Urinary urobilinogen originates from changed 
bilirubin, which is absorbed from the intestinal 
tract. Normally the liver oxidizes nearly all the 
urobilinogen re-absorbed from the intestine; and 
gnall amounts only appear in the urine (up to 3 mg. 
in 24 hours). Liver damage interferes with this 
yxidation ; and large amounts of urobilinogen are 
therefore excreted daily in the urine (5-300 mg.), 
the amount depending on the severity of the liver 
damage. Complete obstructive jaundice, on the 
other hand, shows a gradual but persistent decline 
in traces of urobilinogen found initially in the urine. 
Asmall amount of urobilinogen (up to 5 mg.) may 
be present in the feces, this being derived from 
bile-stained débris coming from the wall of the 
intestine (Steigmann and Dyniewicz, 1943). 

The plasma prothrombin response to intravenous 
injection of vitamin K is another test used in the 
differential diagnosis of jaundice. The normal 
prothrombin content of plasma is maintained by 
adequate absorption of vitamin K from the bowel, 
and its conversion into prothrombin by the liver. 
And prothrombin deficiency may be due to 
the failure of either or both these functions. In the 
absence of intestinal bile, the resulting prothrombin 
deficiency is rapidly corrected by giving vitamin K 
(a quick response). Conversely, prothrombin de- 
ficiency due to hepatitis cannot be, or is slowly, 
corrected by administering vitamin K (no response, 
oraslow response). Olwin (1941), Lord and Andrus 
(1941), Allen and Julian (1942), and Allen (1944) 


are all agreed that this test offers an accurate method 
of differential diagnosis in early cases of jaundice 
and in the absence of infection complicating obstruc- 
tion. They emphasize the importance of observing 


certain technical details in performing the test. This 
test is also a valuable one for estimating hepatic 
insufficiency—‘‘ the most practical we now have ” 
Ivy and Roth (1943). 

In some respects all tests of hepatic functions are 
helpful in the differential diagnosis of jaundice, 
provided they are done in the early stages of jaundice ; 
that is, before the types tend to merge. They indi- 
cate poor function in cases of hepatitis, and give 
normal results in early cases of pure obstruction. 
The galactose tolerance test of Bauer (1906), hippuric 
acid synthesis test of Quick (1932), and cephalin- 
cholesterol flocculation test of Hanger (1939) have 
il proved useful in this respect; but their chief 
merit lies in determining damage and residual 
function (Ivy and Roth, 1943). The bromsulph- 
thalein (5 mg.) clearance test of Rosenthal (1922) is 
unreliable in the presence of jaundice, but one of 

€ most sensitive indices of liver damage in the 
absence of jaundice. 

Aspiration Liver Biopsy has proved of great 
Value in the diagnosis of obscure and difficult cases. 

he technique has been well described by Sherlock 
(1945). It has definite limitations and is not 
without danger—o-67 per cent deaths from bleeding 
(Sherlock), Failure to aspirate a cylinder of tissue 
ee in from 2-10 per cent of Sherlock’s cases. 
The specimen having been obtained, however, there 
no difficulty in coming to a diagnosis, except in 
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old-standing cases of biliary obstruction, which give 
a picture not unlike an ordinary cirrhosis. 

Peritoneoscopy.—This procedure is, in my 
estimation, of much greater value than aspiration 
biopsy, since it allows one to view the liver, gall- 
bladder, and the peritoneal cavity generally; and 
to take a biopsy of the liver. This is done with less 
risk (0:2 per cent mortality, Ruddock, 1937) than 
aspiration liver biopsy, and with as little discomfort 
to the patient. I have used this method of investi- 
gation and diagnosis on several occasions and found 
it most useful, if only to prove or disprove the 
presence of secondary growths. Biopsy of the liver 
is easily and safely carried out under vision, and 
hemostasis secured by electro-coagulation. 

Diagnosis at Operation.—There is usually on 
difficulty in coming to a diagnosis in those carcinomas 
of the ampulla-papillary region which project into the 
duodenal lumen. But those which invade the pan- 
creas and those arising from the head of the pancreas 
proper may give rise to acute diagnostic problems. 
Chronic pancreatitis localized to the head (usually), 
and adenoma (rarely), and calcification of the pancreas 
(6 recorded cases—Gordon Taylor, 1942 ; Whipple, 
1945) may so closely simulate carcinoma as to be 
indistinguishable from it. Almost every experi- 
enced abdominal surgeon has at some time seen a 
case of chronic pancreatitis mistaken for carcinoma 
and vice versa (see Case 5). Walters and Dehne 
(1932) estimated that 15 per cent of cases diagnosed 
as carcinoma of the pancreas were inflammatory 
lesions as judged by the end-results of short-circuit 
operations. Sir John Fraser (1938), in his survey 
of 1035 cases of jaundice treated between 1927 
and 1937, stated that “7 per cent of simple 
cases are mistaken for malignant disease, and 16 
per cent of malignant cases are classified as simple ”’. 
Cattell (1945) reports a mistaken diagnosis in at 
least 5 (10 per cent) of 51 cases diagnosed as carci- 
noma of the pancreatico-duodenal region during a 
two-year period. Four of these had a prelimin- 
ary cholecyst-jejunostomy performed; later at the 
second operation nothing was found in three, and a 
simple tumour in the fourth. The fifth case was 
subjected to a successful resection of the duodenum 
and head of the pancreas, but the lesion proved to 
be pancreatitis. 

Examinations of frozen sections ‘‘ while you wait ” 
at operation may prove either misleading owing to 
pancreatitis accompanying the tumour and overlying 
carcinoma tissue (Brunschwig, 1942) or useless 
(Cattell, 1945). Moreover, there are cogent objec- 
tions to incising a pancreatic tumour unless one is 
prepared to carry out an immediate resection. It 
would seem that the best procedure to adopt in cases 
of doubt is to do a preliminary cholecyst-jejunos- 
tomy ; and if enlarged lymph-nodes are present to 
remove one or more for microscopical examination. 
The second operation, if indicated after lymph-node 
biopsy, will in most cases reveal the true diagnosis, 
as in Cattell’s cases. 


TREATMENT 


Prior to 1937, when Brunschwig performed 
successfully a modified Whipple operation for carci- 
noma of the head of the pancreas, few attempts had 
been made at the radical removal of this growth. 
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Fic. 155.—Early operations for ampulla-papillary carcinoma: A, Simple transduodenal excision; B, Hirschel’s (1914) operation, 
an example of limited cylindrical excision of the duodenum with wedge excision of head of pancreas and end-to-end anastomosis 
of duodenum; C, Kausch’s operation (1912) (two-stage) for radical excision of head of pancreas and duodenum—first operation for 
carcinoma of head of pancreas: D, Codivilla’s radical pancreatico-duodenectomy performed in 1898—radical operations carried out 
since 1935 for both types of cancer: E, Whipple, Parsons, and Mullins (1935); F, Brunschwig (1937) ; G, Whipple (1938); ; Hunt 
(1941); I, Whipple (one-stage) (1943): and J, Cattell (1943). 
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Codivilla in 1898 resected the duodenum and head 
of pancreas in one stage and by a technique which 
is very Similar to those now in vogue (Fig. 155, D). 
To him, therefore, should priority be accorded in the 
development of radical pancreatico-duodenal resec- 
tion. His patient died 24 days after operation, 
Tuffier (1905) and Michaux (1906) also carried out 
resection of the duodenum and head of the pancreas, 
but without success. 

Carcinoma of the ampulla-papillary region, on 
the other hand, by virtue of its intraduodenal position, 
its small size, and very localized nature, has proved 
more amenable to surgical extirpation. In 1898 
Halsted (1899) performed the first excision of such a 
cancer. The operation consisted of a wedge resec- 
tion of duodenum and growth, and the patient died 
fom a local recurrence nine months later. From 
then on until 1935, when Whipple, Parsons, and 
Mullins described their two-stage radical operation 
for this lesion, no less than 78 reports of limited 
excision of these tumours appeared in the litera- 
ture. These early operations were of two types: 
in most cases a simple and crude removal of 
the tumour was carried out after gaining access 
by opening the anterior wall of the duodenum 
(Fig. 155, A); in a few cases (§ reports, including 
Halsted’s original case) (Mayo-Robson, 1900 ; Korte, 
1904; Hirschel, 1914 ; Tenani, 1922), the operation 
tion consisted of a cylindrical or wedge resection of 
the duodenum, and wedge removal of the adjacent 
portion of the pancreatic head containing the tumour 
(Fig. 155, B). Kausch in 1912 devised and per- 
formed a two-stage radical excision of the duodenuin 


and head of the pancreas, which was in many respects 
similar to the present-day operation (Fig. 155, C). 
His patient died nine months later from acute 
cholangitis without evidence of metastases. 

The operative mortality for these operations was 
29 per cent for transduodenal excision, and 45 per cent 


for cylindrical duodenal excision (Hunt, 1941). It is 
interesting to compare these figures with the operative 
mortality-rate following simple laparotomy (36 per 
cent), cholecyst-gastrostomy and _ cholecyst-jejun- 
ostomy (32 per cent), and simple cholecystostomy 
(70 per cent) (Cohen and Colp, 1927). Sir John 
Fraser (1938) in his review gave the following 
mortality figures for simple internal short-circuit 
operations : 40 per cent for all cases of obstructive 
jaundice ; 51 per cent in malignant disease of the 
pancreas, and 19 per cent in chronic pancreatitis. 
In more than half the cases (58 per cent), the cause 
of death was cholemia; shock, peritonitis, and 
hemorrhage in equal proportion accounting for the 
other deaths. He also pointed out the close 
tlationship that exists between the degree of 
juundice and the mortality-rate (the deeper the 
hundice, the higher the mortality). With regard 
to the favourable mortality figures quoted above for 
tansduodenal and other excisions as compared with 
holecyst-gastrostomy, it must be remembered 
t unsuccessful cases are seldom reported. If 
these, then, are taken into consideration, the mortality 
Petcentage for excision may well have equalled or 
‘ven surpassed that following cholecyst-gastrostomy. 
hus the position stood until 1935: three 
unsuccessful attempts at radical removal of the 
Uodenum and head of the pancreas for carcinoma 
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of head of the pancreas, and two successful two- 
stage limited radical resections for carcinoma of the 
ampulla-papillary region by Kausch (1912) and 
Tenani (1922). The other successful excisions, 
with the exception of Hirschel’s, had been of a very 
limited character, and performed through an opening 
in the duodenum. 

As a result of certain mistakes and a fatality in 
1934, Whipple, Parsons, and Mullins (1935) re- 
examined this problem with a view to eliminating 
the defects of the previous operations and devising 
a safer and more radical procedure. They pointed 
out the error of performing the operation in one 
stage; and they recognized that the resection as 
hitherto carried out had been limited in extent in 
order to preserve as much duodenum as possible, 
and to safeguard the entrance of pancreatic juices 
into the intestine, both of which were generally 
considered essential for life. Whipple and his 
colleagues, however, knew that the dog could sur- 
vive total duodenectomy, a demonstration of the 
greatest importance which was first made by 
Dragstedt et al. in 1918 and later confirmed by 
Moorhead and Landes (1919) and Mann and 
Kawamura (1919). Fortified by this knowledge, 
and by the fact that patients suffering from carcinoma 
of papilla of Vater are able to survive for months 
without pancreatic external secretions (Whipple, 
1941), Whipple, Parsons, and Mullins were prepared 
to sacrifice both the duodenum and pancreatic juices 
in order to plan and carry out a truly radical resection 
for carcinoma. This they did successfully for 
ampulla-papillary carcinoma in 1935. The opera- 
tion was performed in two stages; the first stage 
consisting of cholecyst-gastrostomy and _ gastro- 
jejunostomy ; resection of most of the duodenum 
and of head of the pancreas with closure of the 
duodenal ends and pancreatic stump was performed 
two weeks later (Fig. 155, E). The patient made 
a rapid recovery; and there was no subsequent 
interference with the digestion of fat and protein, 
or with carbohydrate metabolism. This operation 
represents a milestone of progress in the surgery of 
the pancreas, duodenum, and biliary tract; and 
with some modifications it has now been carried out 
on at least 125 occasions since 1935. 

Brunschwig in 1937, in carrying out the first 
successful excision of carcinoma of the head of the 
pancreas by this technique, modified the operation 
in some details (Fig. 155, F); modifications which 
have since become standard procedures. He anas- 
tomosed the jejunum instead of the stomach to the 
gall-bladder, with an accompanying jejunojejunos- 
tomy. This was intended to minimize or prevent 
the occurrence of cholangitis, which had been such 
a frequent complication of cholecyst-gastrostomy. 
Moreover, cholecyst-jejunostomy was much less of 
a technical handicap at the second operation than 
cholecyst-gastrostomy. Brunschwig further ex- 
tended the resection in all directions. He removed 
the whole duodenum and the whole head of the 
pancreas, sectioning the latter through the neck. 

At about the same time a new and powerful 
impetus was given to this branch of surgery by the 
discovery of vitamin K by Dam (1935), by Quick’s 
(1935) observation that prothrombin deficiency was 
the cause of bleeding, and by the realization that the 
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latter could be remedied by the former. This, fistula, the common bile-duct should be anastomoseq 
coupled with a better understanding of shock and _ to the jejunum in one-stage resection, and its cy 
its prevention and treatment by blood and plasma _ end should be tied and inverted with silk suture 
transfusions, have contributed immensely in trans- or anastomosed to the jejunum in staged oper. 
forming a formidable and dangerous and conse- tions in which a cholecyst-jejunostomy is performed 
quently rare undertaking into a relatively safe and first. 

common one. Thus, in 1940, it became possible At the time of writing no less than 125 cases of 
to carry out successfully radical pancreatico- radical pancreatico-duodenectomy have been re. 
duodenectomy in one stage: Whipple (1945) for ported since 1935 (Orr, 1945, 104 cases; Cattell, 
carcinoma of the head of the pancreas, and Hunt 1945, 18 cases (§ included in Orr’s report); Cole 
(1940) for ampulla-papillary carcinoma (Fig. 155,H). and Reynolds, 1945, 5 cases; and 3 personal cases 
By April, 1942, at least 64 radical pancreatico- reported here). The operative mortality has been 
duodenectomies had been performed; and the 28 per cent. The best series of cases reported 9 
time had come for a critical review of the results far is that of Cattell (1945) who, during a two-year 
achieved. The main interest was now focused period (August, 1942-August, 1944), performed 17 
on the harmful effects of pancreatic exclusion. The radical pancreatico-duodenectomies (12 for carcinoma 


Table IIJ.—OPERATIVE MORTALITY 
No. of Cases Deaths Percentage 


Transduodenal excisions (Hunt, 1941) :— 
1898-1925 46 20 45 
1925-1941 47 7 15 
Radical pancreatico-duodenectomy :— 
1935-1942 (Whipple, 1942) Two-stage 41 29°2 
One-stage 23 34°7 
1942-1944 (Orr, 1945) Two-stage 15 26°6 
One-stage 19 31°5 


1942-1944 (Cattell, 1945) 17 11°8 


Table IIJ.—RESULTS OF PALLIATIVE BILIARY ENTERO-ANASTOMOSIS 


: Average Length 
No. of Cases Operative No. of Cases of Life after 
Author Operated On Mortality Followed Operation 


(mths.) 
77 


Judd and Parker (1928) 34 47:0 12 
Coller and Winfield (1934) 26°6 19 72 
Fraser, Sir J. (1938) 51°84 _ 140 * 
Sallick and Garlock (1942) 48-0 25 673 
Gray and Sharpe (1943) 63°6 4 15°5 


* 66 per cent dead in less than six months, and the rest within a year; but during 
life a large percentage enjoyed freedom from pain and jaundice. 
+ All carcinomas of ampulla-papillary region only. 


Table IV.—RESULTS OF LOCAL EXCISION OF AMPULLA-PAPILLARY 
CARCINOMA (After Hunt, 1941) 
; Average Length Average Length 
No. of Cases Operative No. of Cases of Life of Patient of Life of Patients 


Operated On Mortality Followed Dead when Living when 
Per cent Reported Reported 


109 311 56 17°4 months 32:5 months 
(24 cases) (32 cases) 


mortality of the operation had been 32 per cent of ampulla-papillary region, 3 for carcinoma of head of 
(Whipple, 1942); and according to Cattell (1943) pancreas, 1 for carcinoma of duodenum, and I n0 
the commonest cause of death had been the develop- carcinoma found) with two operation deaths (118 
ment of internal pancreatic fistula. A small number per cent) (1 dying of shock and anuria 24 hours after 
of deaths had been caused by bile peritonitis due to operation, and the other of pyelonephritis and pet- 
sloughing of the ligated end of the common bile-duct. carditis two months after operation). In all these 
Of 41 cases of radical resection reported by Whipple the pancreatic stump was anastomosed to the 
(1941), 8 developed an external pancreatic fistula jejunum; and resection was performed in two 
and 5 a biliary fistulas The former closed spon- stages in 13, and in one stage in 4. 
taneously, but the latter often did not. Moreover, 
a proportion of patients developed some impairment PROGNOSIS 
of carbohydrate metabolism as shown by varying The immediate mortality figures for the various 
degrees of diabetes; and others, probably a third, types of operation are given in Table II. It 1s 
had deficient absorption of fat and protein. noteworthy that Cattell’s personal cases, in most 0 
Owing to these complications, Whipple (1943) which the operation was performed in two stage 
(Fig. 155, !) and Cattell (1943) (Fig. 155, J), decided and included anastomosis of the pancreatic stump 
to re-establish the flow of pancreatic juices into the to the jejunum, should show such a low mortality. 
intestine by anastomosis of the pancreatic stump, It is a most encouraging picture. There are as ye! 
or duct if dilated, to the jejunum or stomach; and no comparative operation mortality figures for cafcr 
this has now become a routine procedure wherever noma of ampulla-papillary region and for carcinomé 
possible. To prevent bile peritonitis and bile of pancreas. 
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The late results are known for palliative opera- 
tions (Table III) and for localized transduodenal 
excision (Table IV), but it is as yet too early to judge 
the late results of the radical operation. When 
comparative studies are made, however, it will be 
necessary to take into account the fact that radical 
operations have been performed for both carcinoma 
of the head of the pancreas and carcinoma of ampulla- 
papillary region (Whipple, 1941), whereas the limited 
transduodenal excision was performed only for the 
latter group of carcinoma, the malignancy of which 
differs radically from that of the former. The 
localized nature and low malignancy of these ampulla- 
papillary growths is reflected in the long survival 
of so many cases following such a limited operation. 
GordonTaylor (1942) and Brunschwig (1942) report 
10 cases that lived over 5 years and 4 over 4 years. 


CASE REPORTS 


Case 1.—Papillomatous adenocarcinoma of 
ampulla-papillary region treated by simple trans- 
duodenal excision. 

Mrs. A. M., aged 71 years, admitted on March 3, 
1943. First attack of painless jaundice 11 months before, 
which lasted 10 weeks; it was accompanied by some 
loss of weight, and then cleared up completely. Recur- 
rence of painless jaundice two months before admission 
with pale stools and bile in urine. Slight loss of weight ; 
but patient had gained some weight following the first 
attack of jaundice. 

ON EXAMINATION.—A thin and tired and deeply 
jaundiced woman. Liver edge palpable 1 in. below 
costal margin. Gall-bladder dilated and _ palpable. 
Serum bilirubin, 6 mg. per cent. R.B.C., 3,510,000 
pr cmm. Hb, 62 per cent. Prothrombin index, 
73 per cent. 

Vitamin K and blood transfusions given before 
operation. 

OPERATION (March 12).—Transduodenal excision. 
The liver was enlarged and bile-stained. The gall- 
bladder and bile-ducts were grossly dilated and contained 
‘white bile’. The second part of the duodenum ccn- 
tamed a papillomatous-like tumour. The duodenum 
was mobilized and opened over the tumour, which was 
soft and pink. It was the size of a golf ball and arose by 
anatrow pedicle from the papilla of Vater. There was 
no induration around the pedicle, or other indication of 
malignancy. The tumour was excised by cutting through 
the tissues around the base of the pedicle. The papilla 
of Vater was thus excised with the tumour; a small 
depression being left, in which the cut ends of the common 
bile-duct and pancreatic duct were visible. These were 
stitched to the margins of the defect in the posterior 
duodenal wall (see Fig. 156). The anterior duodenal 
wall was closed and the common bile-duct drained by an 
indwelling tube put into its supraduodenal portion ; and 
the operation completed. 

PATHOLOGY.—The tumour was a soft, fleshy papilloma 
fin. in diameter, with a short narrow pedicle surrounded 
by a narrow rim of duodenal tissue (Fig. 156). Histo- 
‘gically it was a malignant adenocarcinoma, probably 
aising from the duodenal papilla. There was no 
invasion of the excised duodenal tissue. 

_ ProGress.—The patient made a rapid recovery ; 
undice cleared ; she gained weight and strength, and 
kmained in good health for two years and six months. 
1 November, 1945, she began to lose weight; a hard 
Tass developed in her epigastrium and increased in size. 

jaundice. Laparotomy in January, 1946, confirmed 

€ presence of a local recurrence in the head of the 
Pancreas which was irremovable owing to invasion of 
a superior and inferior mesenteric veins. No second- 
"es were found. A posterior gastrojejunostomy and 
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cholecyst-jejunostomy was performed. The patient 
died the next day (Jan. 15) from shock (?), two years 
and 10 months after local excision of tumour. Autopsy 
was not performed. 

Comment.—This was clearly a carcinoma arising 
from the duodenal papilla that had all the appearances 
of a simple papillomatous tumour, and thus induced one 
to perform a simple local excision. A radical pancreatico- 


duodenectomy should have been performed at the outset, 
or later, when the result of the histological examination 


Fic. 15§6.—Case 1. Papillomatous adenocarcinoma arising 
from duodenal papilla removed by simple transduodenal 
excision, with local re-implantation of the ducts. 


became known. It is noteworthy that the recurrence 
was purely local and might have been removable if the 
patient had presented herself earlier. Other interesting 
features in this case were the two attacks of jaundice 
separated by an interval of 7 months, during which the 
patient was perfectly well and even gained weight. 


Case 2.—Adenocarcinoma of the head of pancreas 
treated by one-stage radical pancreatico-duoden- 
ectomy. 

Mr. J. J. W., 70 years, admitted April 4, 1945. Pain 
in right hypochondrium for one month: jaundice, 
15 days; pale stools and dark urine, 7 days; some 
loss of weight. 

On EXAMINATION.—A thin and slightly wasted man, 
with slight jaundice. Liver not palpated; gall-bladder 
distended and palpable. R.B.C’.s 4,300,000; Hb 78 
per cent. Serum-bilirubin 4 mg. per cent. Pro- 
thrombin index 80 per cent. Hippuric acid test, normal. 

A provisional diagnosis of carcinoma of pancreatic 
head was made on the clinical finding of dilated gall- 
bladder. 

OPERATION (April 24), under spinal anzsthesia.— 
One-stage radical pancreatico-duodenectomy, with pan- 
creatic exclusion. Hard mass localized to head of pan- 
creas, with distended common bile-duct and gall-bladder. 
Slight enlargement of the liver. No secondaries detected. 
The head of pancreas and duodenum were easily 
mobilized. There was no invasion of the portal or the 
superior mesenteric vein. The stomach was divided 
across the pyloric antrum, the pancreas through the 
neck, and the jejunum about 3 in. from the duodeno- 
jejunal flexure. The mass consisting of the whole 
duodenum and head of pancreas was then removed, 
after final separation from the portal vein and superior 
mesenteric vessels. The pancreatic duct was ligated 
with silk, and the stump closed with interrupted silk 
sutures. The cut ends of the stomach and jejunum were 
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then anastomosed; and the cut end of the common 
bile-duct implanted into the side of the jejunum 12 in. 
distant from the gastrojejunal anastomosis (Fig. 157). 
A drain was placed down to the pancreatic stump ; and 
the abdomen closed. 

PATHOLOGY (Fig. 158).—‘‘ A whole section to include 
the wall of the duodenum and the whole portion 


Fic. 157.—Case 2. (¢ A : 
with pancreatic exclusion. 


of excised pancreas shows a fairly well-differentiated 
adenocarcinoma of the pancreas of the scirrhous type. 
The uninvaded portion of the pancreas shows a good 
deal of cirrhotic change. The growth has invaded the 
mucosa of the duodenal wall beyond the muscularis 
mucosz. No lymph-nodes were available for section.” 

PROGRESS.—The immediate post-operative stage passed 
without incident. The abdomen healed by primary 


-A 


Scirrhous adenocarcinoma of head of 


Fic. 158.—Case 2. 
(Xx 35.) 


pancreas invading the duodenal wall. 


union. Jaundice cleared; the patient gained weight 
and left hospital three weeks after operation. Carbo- 
hydrate metabolism and fat absorption were not dis- 
turbed. Six months after operation, the patient 
developed acute pyelitis. From then on his general 
condition deteriorated ; secondary nodules appeared in 
the abdominal wall and he died 9 months after his 
operation from carcinomatosis. A post-mortem exam- 
ination was not performed. 

Comment.—A case of scirrhous adenocarcinoma of 
the head of the pancreas successfully removed by radical 
pancreatico-duodenectomy with pancreatic exclusion in 
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One-stage radical pancreatico-duodenectomy 
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one stage. There was satisfactory digestion and absorp. 
tion of fat and protein. Death 9 months later from 
carcinomatosis. 


Case 3.—Adenocarcinoma of the head of pan. 
creas treated by radical pancreatico-duodenectomy 
(One-stage) with pancreatico-jejunostomy. 

Mr. D. W., aged 52, admitted July 18, 
1945. Severe diarrhoea lasting a fortnight 
7 weeks before admission ; jaundice for 3 
weeks, increasing in intensity; recurrence 
of diarrhea with pale offensive stool 
one week before admission. No pain, 
Moderate loss of weight. 

ON EXAMINATION.—A thin, emaciated 
and moderately jaundiced man. Liver 
edge 14 in. below costal margin. Palpable 
enlargement of gall-bladder, and hard 
mass in region of head of pancreas. R.B.C, 
4,800,000 per c.mm. Hb 90 per cent, 
Serum-bilirubin 4-8 mg. per cent. Pro- 
thrombin index 70 per cent. Hippuric 
acid test : normal. 

Provisional diagnosis of carcinoma of 
head of pancreas. 

OPERATION (July 24).—Under spinal anesthesia, 
One-stage radical pancreatico-duodenectomy with pan- 
creatico-jejunostomy. (Whipple, 1943 technique. Se 
Figs. 155, |, 159, A.) The liver was a little enlarged, 
the common bile-duct and gall-bladder markedly 0. 
There was a small hard mass localized to head of the 
pancreas. No secondaries detected. The portal and 
superior mesenteric veins were free. The duodenum 


and head of the pancreas were easily mobilized. The 


stomach was divided across the pyloric antrum and the 
common bile-duct above the duodenum. The pancreas 
was divided across its neck, the line of section being 
14 in. distant from the visible edge of the growth. he 
pancreatic duct was dilated, having a diameter of } in. 
The jejunum was divided 4 in. from the duodenojé} 

junction. The growth-containing mass was then separ 
ated from the portal vein and superior mesenteric vessels, 
and removed. The cut end of the jejunum was anasto 
mosed to the cut end of the common bile-duct. Tht 
dilated pancreatic duct was then anastomosed to J 





PANCREATIC AND BILIARY TRACT 


side of the jejunum descending from its junction with 
the common bile-duct. Lower down the cut end of the 
stomach was joined to the side of the jejunum. The 
abdomen was closed without drainage. 

PATHOLOGY.—“‘ A section to include the whole head 
of the pancreas and adjacent duodenal wall shows a well- 
differentiated Grade 1 adenocarcinoma of the pancreas with 
marked scirrhous reaction (Fig. 159). The growth is just 
invading the submucosa of the duodenum but no farther. 
The growth, however, reaches the excision end, and may 
not have been completely removed.” 


FIG. 159.—Case 3. Scirrhous adenocarcinoma 
of head of pancreas. 


PRoGRESS.—In the immediate post-operative stage 
recovery was slow but steady. Jaundice cleared up, 
healing of wound per primam. Carbohydrate metabolism 
has been normal; the patient can tolerate and digest 
and absorb normal quantities of fat ; but excessive intake 
immediately leads to the passage of ‘oily’ stools. He 
has gained weight and strength and is now back at his 
old job of house decorator and painter. 

Comment.—Section through the neck of the pancreas 
seemed to be 14 in. away from the near edge of the growth 
in the head, and yet the pathologist reports that the 
growth reaches the site of excision. This suggests the 
advisability of sectioning the pancreas farther to the left, 
through the body, as a routine measure in cases of 
carcinoma of the head. 


Case 4.—Adenocarcinoma of the head of the 


Pancreas treated by a radical 
pancreatico-duodenectomy. 

Mr. H. B., aged 43, admitted on Sept. 21, 1945. 
Previous history of chronic gastric ulcer for which a 
Partial gastrectomy with short loop post-colic anastomosis 

been performed on Oct. 25, 1943. Present history 
of nigors for 6 weeks accompanied by increasing jaundice 
and pain in right hypochondrium. Some loss of weight. 
ale stools and dark urine. 

T XAMINATION.—Marked jaundice, little wasting. 
ender and enlarged liver. Gall-bladder was not 
Ripated. R.B.C., 4,900,000. Hb, 17 g. per cent. 
‘tum-bilirubin, 6 mg. per cent. Van den Berg test, 
Iphasic reaction. Hippuric acid test: poor excretion. 
tothrombin index, 26:2 per cent. Prothrombin res- 
= to njection of vitamin K was prompt. Urine 
Owed nc excess of urobilinogen. 
VOL. XXXIV—NO. 134 


two-stage 
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The picture was that of obstructive jaundice. Owing 
to the patient’s poor general condition, operative treat- 
ment, if possible, should be staged. 

First OPERATION (Oct. 5, 1945).—Under nitrous 
oxide, oxygen, and ether. Cholecystomy. The liver was 
markedly enlarged; the gall-bladder and _ bile-ducts 
were dilated, and the former was tucked away under 
the liver. There was a hard nodule about 14 in. in 
diameter in the head of the pancreas. There were no 
secondaries ; the duodenum and head of the pancreas 
were easily mobilized and the veins appeared free. But 


the patient was in no fit state to stand a big operation. 
Cholecystostomy was done in favour of cholecyst- 
jejunostomy. Parenteral vitamin K was given. Recov- 
ery was rapid and the patient gained weight. 

SECOND OPERATION (Oct. 22—3 weeks later).— 
Under spinal anesthesia. Radical pancreatico-duodenec- 
tomy. The liver had shrunk to almost normal size. The 
pancreas was now generally enlarged and turgid, and 
the growth appeared to have invaded the whole head of 
the gland. All the neighbouring tissues were engorged 
with blood and the veins stood out. A radical excision 
of the head of the pancreas and duodenum was indicated, 
but obviously fraught with difficulties. After mobiliza- 
tion of the duodenum and head of the pancreas, the 
neck of the pancreas was cut across. The duodenum 
was then divided just to the right of the superior mesen- 
teric vessel, and the cut end of the distal portion in- 
vaginated. On separating the head from the portal 
vein, the latter was torn and serious hemorrhage occurred. 
The rent was eventually repaired by suture. Frrther 
separation led to more bleeding, so that eventually a 
narrow cuff of the head of pancreas had to be left in situ 
around the portal vein. The common bile-duct was 
divided and its end ligated and invaginated. By this 
time the patient’s general condition was so poor that the 
operation had to be terminated quickly. The pan- 
creatic stump was stitched, and the cholecystostomy 
was not disturbed. The continuity of the intestinal 
tract was, of course, assured by the previous partial 
gastrectomy. A drainage tube was put down to the 
pancreatic stump, and the abdomen closed. 

PATHOLOGY.—‘“‘ A whole section shows a Grade 2 
adenocarcinoma of the pancreas invading the submucosa 
of the duodenum (Fig. 160). The papillomatous 

: 9 
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growth in the ampulla and projecting into the duodenum 
through the orifice of the common bile-duct is a benign 
papilloma and does not appear to have any connexion 
with the carcinoma of the pancreas.” 

PROGRESS.—The immediate post-operative period 
was stormy. The patient developed a pancreatic fistula, 


A 


Fic. 160.—Case 4. Scirrhous adenocarcinoma 
of head of pancreas and simple papilloma of 
ampulla of Vater. 


which persisted for one week. Then signs of generalized 


acute peritonitis developed and the patient died from 
this 12 days after operation. A post-mortem examination 
was not made. 

Comment.—It is the considered opinion of an 
experienced pathologist, who examined this specimen, 
that the papilloma of the ampulla was simple and that it 
bore no relationship to the adenocarcinoma of the head. 
Such an occurrence must be very rare indeed; and I 
know of no published report of a similar case. 

Death in this case was indirectly caused by a pan- 
creatic fistula ; a complication which once again empha- 
sizes the absolute necessity of anastomosing the pancreatic 
duct to the alimentary tract. 

The extraordinarily rapid progress of the growth 
during the three weeks following the first operation caused 
some surprise and dismay at the second operation. Such 
a development is unfortunately not uncommon, and 
always leaves one in doubt as to how much of it is due 
to handling of the growth and disturbance at the first 
operation. 


Case 5.—Chronic pancreatitis simulating carci- 
noma of the head of the pancreas. 

Mr. A. B., aged 59 years, admitted July 10, 1944. 
History of painless progressive jaundice for 6 weeks, 
with clay-coloured stools and dark urine. Some loss of 
weight ; but good appetite. 

On EXAMINATION.—Little wasting, marked jaundice. 
Liver and gall-bladder not palpable. R.B.C., 2,010,000 
per c.mm.. Hb, 44 per cent. W.B.C., 22,000. Blood- 
bilirubin, 3 mg. per cent. Hippuric acid test: normal. 
Prothrombin index, 73 per cent. Satisfactory and 
prompt prothrombin response to parenteral injection of 
vitamin K. 

Five. pints of blood were given to combat anemia, 
and pre-operative vitamin K daily. 

OPERATION (July 24).—Under ether anesthesia. 
Choledocho-jejunostomy. Both head and body of the 
pancreas were hard and swollen. The liver was enlarged 
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and bile-stained. The gall-bladder was congenitally 
absent, and common bile-duct dilated. Some enlarged 
lymph-nodes were present along the upper border of the 
body of the pancreas. The diagnosis was in doubt: 
and it was judged that a choledocho-jejunostomy and 
time would settle the diagnostic problem, and serve ag q 


first stage to resection if the lesion should prove to be 
carcinomatous. The common bile-duct was divided 
above the duodenum; the lower end tied, and the 
upper end anastomosed to the jejunum, which was 
brought up in front of the transverse colon and omentum. 

PROGRESS was satisfactory and rapid; jaundice 
cleared; and the patient began to gain weight and 
strength. A second operation was advised, but the 
patient refused to consider it. 

He has now been at work for over a year, has gained 
more weight ; and he is well, his appetite is good, and 
he can eat anything, including fatty foods. Examination 
of the abdomen on three occasions since operation has 
failed to reveal any abnormality. 

Biopsy of a pancreatic lymph-node showed chronic 
inflammatory changes only. 

Comment.—This was clearly a case of subacute or 
chronic pancreatitis completely simulating carcinoma, 
which cleared up after internal biliary drainage. It 
serves to illustrate the importance of performing the 
operation of radical pancreatico-duodenectomy in two 
stages in all cases in which the diagnosis of carcinoma 
is in doubt. 


OTHER CASES 


During the same period under review (1942-5; 
inclusive), the following additional cases were observed: 
8 cases of carcinoma of the head of the pancreas (not 
confirmed histologically), 2 of the body, and 1 of the 
head and body. Of these only 2 cases of carcinoma ot 
the head were operable ; one died of liver failure 5 days 
after cholecyst-jejunostomy, and the other refused to 
submit to resection after preliminary cholecyst-jeyun0 
tomy and died 5 months later. A clinically palpable gall- 
bladder was found in 50 per cent of the cases wil 
jaundice, which was present in 6 of the 8 cases of cafcr 
noma of the head. In the remaining 2 cases the presenting 
feature was vomiting due to duodenal obstruction y 
growth. In all cases except 2, abdominal pain was # 
prominent feature, preceding the onset of jaundice. 
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SUMMARY 


A short review of recent advances in the diag- 
nosis and treatment of carcinoma of the head of 
the pancreas and ampulla-papillary region is pre- 
sented. 

The incidence of these tumours, and the diffi- 
culties and method of diagnosis are discussed. 
The evolution of surgical methods of treatment is 
traced from 1898 to the present, and an evaluation 
of present-day methods is made. 

Detailed reports of 5 cases are given. One 
tumour, an adenocarcinoma arising from the papilla 
of Vater, was simply excised by the transduodenal 
route. Three carcinomas of the head of the pancreas 
were excised by radical pancreatectomy with one 
post-operative death. A case of chronic pancreatitis 
simulating carcinoma of the head of the pancreas 
is included to emphasize the diagnostic difficulties. 
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AND REPAIR OF DEEP THERMAL NECROSIS 


By O. T. MANSFIELD 


SURGEON, E.M.S. PLASTIC UNIT, ST. ALBANS 


THE surgical excision of tissues irreparably damaged 
by heat has been advocated for a considerable time 
(Wilms, 1901 ; Willis, 1925 ; Mason, 1941 ; Young, 
1942), but the method has several limitations which 
may have prevented its practice in suitable cases. 

In theory, the sooner a devitalized area is 
separated from its host, the sooner will surgical 
repair be practicable and the shorter the stage of 
toxic absorption from the infected slough. This is 
generally accepted, but we have found less support 
for our opinion that the corollary of this statement 
is that, whenever possible, excision of the entire area 
should be carried out before proteolysis occurs and 
should be immediately followed by primary repair. 
In most cases such repair can be adequately effected 
by split skin-grafts providing these will have a vascu- 
lar bed for their reception; exposed tendons or 
cortical bone, for example, cannot support any 
thickness of free graft whatsoever; their failure 
over such areas will result in further infective 
necrosis. 

For primary excision to be practicable, the follow- 
ing must be fulfilled: (1) The area of necrosis must 
be capable of total excision. (2) The area to be 
excised must not be surrounded by an area of partial- 
thickness skin loss. (3) Facilities for immediate 
repair of the area must be available. 

To consider these items in detail :— 

1. The Area of Necrosis must be capable of Total 
Excision.—Although partial excision of the slough 
may diminish the degree of infective toxemia, it is 
of limited value in that epithelialization will be 
delayed until separation of the remaining slough has 
occurred. The more common difficulty, however, 
is the determination of whether or not deep epi- 
thelial elements have survived. We consider that 
if the other criteria can be fulfilled, the sacrifice 
of a few sweat glands and hair follicles is of no 
importance. In a large burn where, possibly, not 
more than 10 per cent of the deep elements are 
viable, the rate of healing from these survivors is so 
slow as to be valueless ; scar contracture will occur 
in the intervening areas, producing, ultimately, delay 
in epithelialization and probable deformity. It is 
the difficulty of estimating the proportion of sur- 
viving elements which limits the field for early. 
surgery ; this is in no way simplified by the know- 
ledge that a proportion of those surviving the 
original heat necrosis will fail to survive the infective 
phase. The use of picro-fuchsin to determine the 
proportion of viable structures in a burn has been 
investigated by Patey and Scarff (in 1944). We 
have had no experience of this method, nor of the 
use of fluorescein, which has been used by American 
workers. Neither of these methods gives any 
estimate of which cells will fail to survive the infective 
phase, and it is clear that this is entirely a matter of 
chance. 

2. The Area to be excised must not be surrounded 
by an Area of Partial-thickness Skin Loss.—Although 


we have excised areas of full-thickness skin loss, 
when surrounded by a more superficial loss, we 
do not consider this a valuable technique unless 
performed in the second or third week, when the 
area of slough is clearly demonstrable. The graft. 
ing of such defects is hazardous, as the inevitable 
infection of the surrounding areas will tend to 
diminish the percentage take of the graft. 

We regard this as one of the most important 
criteria to be fulfilled before early operation upon 
a thermal burn is contemplated. 

3. Facilities for Immediate Repair of the Area 
must be available-—Immediate repair of the defect 
will, in most cases, mean the use of partial-thickness 
skin-grafts immediately following the excision, 
Any delay, even for a few days, between the two 
parts of the operation may permit local sepsis to 
occur, and will allow the development of scar tissue 
in the recipient areas. Even with the aid of chemo- 
therapy it is preferable to graft a recent surgical 
wound rather than granulations, however admirable 
(Rank, 1940 ; Mowlem, 1941, 1944). 

Other factors bear upon the question of immediate 
repair ; the availability of adequate donor areas for 
the split skin-grafts and the technical equipment 
of the surgeon to cut these grafts without risk of 
damaging important donor areas, are but two 
essential requisites. 

While these three criteria are, clearly, not 
absolute, when they occur together we consider that 
the early excision and immediate repair of an area of 
complete thermal destruction should be considered. 

The case quoted to illustrate this active approach 
cannot be considered as typical of the type of loss 
suitable for surgery ; nevertheless, we find it diff- 
cult to believe that any other method of treatment 
would, in the presence of such extreme destruction, 
have enabled the patient to stand upon her own 
limbs two months after injury. 


CASE REPORT 


Jan. 4, 1945: Mrs. B., aged 47, was blown by the 
explosion of a V2 bomb into her own fire and was pinned 
by masonry for 3 hours in more or less direct contact 
with the embers. 

. Jan. 6: Transferred to an E.M.S. Plastic Unit. 
Condition on admission good ; comfortable and uncom- 
plaining. (Fig. 161.) ; 

The right leg had been burnt around the circufl- 
ference of the distal half of the thigh and proximal 
of the leg. Diagnosis of the depth of the burn wa 
complicated by the liberal application of gentian violet 
dye prior to admission. 

The left leg showed an extreme degree of heat 
coagulation ; the muscles of the thigh and calf on the 
lateral aspect were grey and quite friable and had the 
appearance of slowly-cooked meat. 

Fan. 12: OPERATION. Necrotic skin was removed 


from the lateral and posterior aspects of the thigh from 


the gluteal fold to the popliteal fossa. In the leg, the 
skin of the upper two-thirds of the posterior and anter0 
lateral aspects was excised, together with that over 
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the upper two-thirds of the subcutaneous border of the 


tibia. 

In the thigh the lateral half of the biceps was removed, 
while in the leg the upper two-thirds of the muscles in 
the antero-lateral compartment were excised completely, 


Fic. 161.—(Jan. 6, 1945.) Condition on admission, show- 
ing the black necrotic skin with muscle protruding in the 
calf. 


as were the peroneal nerve and the lateral half of the 
calf muscles. All these structures were quite necrotic. 

Operation was then terminated, as the patient’s 
general condition was deteriorating and the circulation 
of the foot had suffered when the anterior tibial artery 
had been tied, as it perforated the interosseus ligament. 

It was known that all necrotic tissue had not been 
removed at this operation and that many areas, though 
not necrotic, were markedly affected. Further ablation 
was clearly necessary as the upper two-thirds of the 
fibula, its interosseus membrane, and the anterior half 
of the tibia were exposed and would sequestrate. 

Penicillin-sulphonamide powder was insufflated on 
the wound, a pressure dressing applied, and the limb 
immobilized in plaster. 


Fic. 162.—(Jan. 24.) After excision of avascular skin 
and muscle. Tibia and fibula exposed. 


An interesting note on the pathology of heat necrosis 
was the marked absence of bleeding from veins, although 
atterial pulsation was undiminished. In some areas 
(the upper half of the anterior tibial, for example) the 
local arteries ran apparently unscathed through muscle 
80 friable that it could be removed with the finger. 

Jan. 14: Post-operative condition satisfactory. 

_ Jan. 16: Suddenly, after complaining of severe pain 
i the foot, the patient became quite irrational, with 
pyrexia, marked tachycardia, and a raised respiratory 
fate. I} pints of blood were given, with improvement. 
an.17: OPERATION. Further small areas of slough 
Wete removed, mainly fascia. Some muscle bundles in 
unopened and apparently viable fascial sheaths were, 
in fact, found to be necrotic. These were excised. In 
€ peroneal region clean granulations were present 
over a small area. Dressing as before. 


Jan. 22: Considerable improvement following opera- 
tion. Toxic facies no longer present. 

Jan. 24: OPERATION. At least 95 per cent of the 
area was found to be covered with clean granulations. 
The remaining § per cent consisted of odd tags of slough- 
ing fascia, skin, and muscle. These were removed. 
The cortex of the antero-medial and antero-lateral 
aspects of the tibia in its upper two-thirds, together 
with the crest and most of the tibial tubercle, was 


FIG. 163.—(Feb. 10.) Radiograph showing the amount of 
tibia and fibula removed. 


removed by hammer and chisel to expose the medulla. 
The upper two-thirds of the fibula and interosseus mem- 
brane were removed. Strips of thin split-grafts cut 
from the abdomen were used to cover most of the leg 
and a small area of thigh. Pressure dressing and plaster 
fixation. Neither penicillin nor sulphonamide powder 
was used. (Fig. 162.) 

Feb. 2: OPERATION. Further cortex was removed 
from the tibia, the amount removed at the previous 
operation being inadequate in that none of the grafts 
over this area had survived and granulations were scanty 
and of poor quality. 50 per cent of the grafts used at 
the previous operation appeared to have survived. 
Granulations between these grafts were clean and of 
good texture. Further grafts were cut from both thighs 
to give about 30 per cent cover over the calf and 75 per 
cent over the thigh. 

Feb. 16: OPERATION. Further grafts, cut from the 
back, were used to cover the remaining defects. Grafts 
from previous operation 100 per cent. (Fig. 164.) 

Feb. 27: Left leg almost completely healed, areas 
remaining unhealed being of no significance. Afebrile 
for one week. Started to get up; legs very weak, but 
without deformity of knee or ankle. General condition 
excellent. This was 7 weeks after injury. 
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The patient has since been seen on various occasions. 
She walks well with a stick and a toe spring to make 
good the loss of the muscles of the anterior tibial and 
peroneal groups. Foot-drop has not occurred owing 
to the fixation of the distal muscle stumps by scar tissue ; 
because of this there is only a few degrees of plantar 
flexion ; passive dorsiflexion full. Oidema of the foot 
is controlled by a crépe bandage ; sensation on the sole 
nevmal. Knee flexion 75°. No further surgery required. 





Fic. 164.—(Feb. 16.) After grafts had been used on 
two occasions to cover the defects. 


Comment.—Three further points of interest arise 
from this case ; first, that the only occasion in which the 
patient was severely ill, or suffered toxemia in any way 
comparable to the magnitude of the burn, occurred when 
the surgical treatment was inadequate, and was relieved 
by further surgery. 

Secondly, that chemotherapy was used on two occa- 
sions only and that on the first of these it could not 
compensate for inefficient surgical treatment. Penicillin 
in this type of case should be used locally in conjunction 
with surgery ; systemically, should a cellulitis or lymph- 
angitis develop as a result of surgery. 

Thirdly, attention is drawn to the variable sites of 
donor areas for the split-skin grafts. At no time was 
the repair delayed by lack of available donor areas. 

In this case it will be noted that immediate repair 
of the area was not performed. This was because the 
extreme degree of loss made total excision of the affected 
area at one operation impossible. 


SUMMARY 


1. The early excision and repair of thermal 
burns involving destruction of all layers of the skin 
is discussed. 

2. The circumstances in which this is the method 
of choice are itemized. 

3. An illustrative case is described. 

4. The word ‘ burn’, when used in this paper, 
is used for lack of a suitable alternative. We consider 
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the mechanism of tissue death, whether it be tray. 
matic, chemical, thermal, or electrical, to be of 
academic interest only; our surgical interest must 
be toward the repair of the loss. 





Fic. 165.—(April 11.) Final condition of leg. Walking 
well with toe spring. Scars surrounding the graft are hyper- 
trophic, but already subsiding. No further treatment re- 
quired. 


My grateful thanks are due to Mr. Rainsford 
Mowlem, Surgeon-in-Charge, Plastic and Jaw Unit, 
Hill End Hospital, St. 
assistance. 
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RECONSTRUCTIVE SURGERY OF THE HAND 


THE experience gained while in charge of the Hand 
Clinic at Leith Hospital during the past four years 
has convinced me that, if the ideal of treatment is 
to be approached, there must be continuity in a 
single unit. In dealing with a mutilating injury of 
the hand, the full treatment which may be required 
can be divided into five aspects: primary reparative 
surgery; physiotherapy; reconstructive surgery ; 
restoration of maximal function; and vocational 
training. These aspects are not clear-cut, nor does 
the need for each exist in every case. The present 
paper deals only with the stage of reconstructive 


surgery. 


METHODS OF RECONSTRUCTION 


Crippled hands following severe injury fall into 
two main groups: those in which structures are 
present but lack function; and those in which 
structure has been reduced to a functionless level, 
as when all digits have been lost. 

In the first of these, it is usually apparent to both 
the patient and the surgeon that something should 
be done to improve matters; in the second, it is 
not so obvious, and there may be a danger of such 
unfortunate patients being allowed to leave hospital 
without having been fully treated, to struggle along 
as best they can. It is not the purpose of this paper 
to go into the intricacies of the procedures which 
may be employed to restore function to the function- 
less digit, but to demonstrate that much can be 
done for the second type of case—that is, where 
insufficient functional units remain. 

The essential anatomical structures which sub- 
serve the basic function of the hand are two digits 
capable of being brought into opposition with each 
other; in other words, a thumb and one finger. 
There is little to choose between a hand which has a 
thumb but no opposing finger and one which consists 
of four fingers but no thumb ; the function of both 
has been very considerably reduced. The aim in 
reconstruction should be to restore to these mutilated 
hands at least the basic finger-thumb combination, 
and to achieve this aim it is obvious that one missing 
digit must be replaced. To restore a digit to the 
site of one which has been lost, three methods are 
wailable : first, the transposition of one of the 
maining digits of the same hand; secondly, a 
Whole finger graft from the other hand (a toe has 
been used quite successfully, but there can be little 
doubt that a finger gives the better functional result) ; 
and, thirdly, the manufacture of an artificial finger 
fom living tissues. The transposition of a finger 
fom the same hand has its main use in restoring 
the loss of a thumb: a further rather unique use 
8 described beiow. A whole-finger graft from 
the uninjured hand finds its main field in the case of 
otal loss of all four fingers. The third procedure 
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—plastic construction of a finger of the fixed prop 
type—has several disadvantages : mobility is absent, 
sensation is absent or only partly present, viability 
of the finger is somewhat precarious and the par- 
tially insensitive finger is liable to be injured or 
burned. The time spent in its construction is longer 
than that for the other methods, more operative 
stages are required, and at least two additional 
scars are made. With these disadvantages, it is 
preferable, if possible, to use either of the first two 
methods. In cases where this is not possible, the 
third method is indicated, and patients who have 
undergone this type of reconstruction have been 
very grateful. 

Six cases are reported : two examples of each of 
the three methods of reconstruction. 


CASE REPORTS 
TRANSPOSITION OF A FINGER OF THE SAME HAND 


Case 1.—J. R., aged 21. This man had his thumb 
avulsed in a rope-making machine. The base of its 
metacarpal remained and the carpo-metacarpal joint 
was uninjured (Fig. 166). 





Fic. 166.—Case 1. Showing total loss of left thumb. 


OPERATIVE TECHNIQUE.—Incisions were made on the 
palmar and dorsal aspects of the hand, similar to those 
for a syndactyle. First, the digital nerve and artery to 
the adjacent sides of the index and middle fingers were 
exposed from the palmar aspect. In order that the 
index finger could be widely separated from the rest 
of the hand without damaging or destroying its nerve 
or arterial supply, the palmar digital nerve was split 
from its bifurcation to its origin from the median, and 
the branch of the palmar digital artery to the radial side 
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of the middle finger was divided between ligatures (Fig. 
167). On the dorsal aspect, an oblique band joining 
extensor indicis to the extensor of the middle finger was 
divided at the lower margin of the extensor retinaculum. 


Fic. 167.—Same case. Illustrating method of maintaining 
bilateral nerve and arterial supply. A, Division of digital 
artery to radial side of middle finger. B, Split portion of 
palmar digital nerve, indicated by interrupted line. 


The second metacarpal with its periosteum was then 
sectioned 4 in. from its base, care being taken not to 
injure the radialis indicis artery. The dissection was 
resumed on the palmar surface, and access to the cellular 
plane between the palmar and dorsal interosseous 
muscles was gained after dividing the transverse carpal 
ligament. The palmar interosseous muscle was separ- 
ated and retracted to expose that portion of the second 
dorsal interosseous muscle arising from the ulnar side 
of the second metacarpal. This origin was stripped 
from the bone. The index finger was now completely 
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separated from the rest of the hand as far as the base 
of its metacarpal. It was structurally intact in so far 
as it had a bilateral nerve and arterial supply, flexor and 
extensor tendons, its lumbrical and interossei. The 
whole unit was then moved radially, rotated through 
90°, and fixed by suturing the second metacarpal to the 
stump of the first metacarpal. Next, the distal end of 
the extensor tendon was sutured to the stump of extensor 
pollicis longus. 

The wound was closed by suturing the dorsal flap 
round the third metacarpal and bringing the palmar 
flap round the new thumb. This flap was not lon 
enough to close completely the gap and a small skin- 
graft was applied. An amputation through the proximal 
interphalangeal joint of the transposed digit was then 
performed. Fig. 168 show the final result. 


Case 2.—A. C., aged 143. This boy caught his right 
hand between the rollers of a baking machine, and 
sustained a ‘degloving’ injury. The skin had been 
divided 1 in. above the proximal flexion crease of the 
wrist, and turned inside out to the level of the metacarpo- 
phalangeal joints. 

OPERATIVE TECHNIQUE.— 

1. Initial Operation.—This operation was performed 
within three hours of the injury. After the usual surgical 
toilet, all fat was excised from the skin-flap, which 
was then replaced and sutured in position as a full- 
thickness pedicle graft. Several small incisions were 
made for the purpose of drainage, and a pressure dressing 
was applied ; but later the whole of the graft sloughed, 
and the index, ring, and little fingers became gangrenous 
(Fig. 169). This gangrene was ischemic in nature 
and was probably due to arterial thrombosis following 
trauma to the main vessels. Though not all of the 
middle finger died, necrosis and separation of the whole 
of the proximal phalanx occurred, leaving the finger 
attached by a small soft-tissue pedicle containing one 
digital artery. 

2. Skin-grafting.—A tubed pedicle graft was raised 
from the skin of the right iliac fossa, in an oblique 
direction from the anterior superior iliac spine towards 
the left shoulder. All dead tissue was excised from the 
hand, which was treated in closed plasters till a healthy 
granulating surface was obtained. 

Five weeks later the distal ‘end of the pedicle was 
detached from the abdomen, opened out, and applied 


Fic. 168.—Same case. Showing hand after transposition of index finger to site of missing thumb, with amputation of distal 
two phalanges. 
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to the dorsal surface of the wrist, the free end being 
sutured to the proximal skin edge. At the same time, 
the tube was extended towards the costal margin. Two 
weeks later the extended portion of the pedicle was raised 
and applied to the dorsum of the hand, and a further 


Fic. 169.—Case 2. 


extension of the tube over the costal margin was carried 
out. At the end of a further two weeks, the pedicle 
was detached from the chest and carried over the meta- 
carpal heads to cover the distal portion of the palm. 
Three weeks later, a split-skin dermatome graft was used 
to cover the remaining raw area of the palm and wrist. 


FIG. 170.—Same case. After completion of skin-grafting. 
The dorsum and distal portion of palm are covered by an 
abdominal pedicle graft, the wrist and proximal portion of 
palm with a split-skin graft. The middle finger is flail and 
lying towards the ulnar side. 


By the time healing was complete, the thumb had 
ecome somewhat adducted and a flexion deformity of 
the wrist was present. The middle finger maintained 
ay but it was flail and without active movement 

8. 170). 

After a period of physiotherapy, during which time 
Movements of the thumb and wrist improved, the recon- 
Sttuction of a ‘forceps hand’ was undertaken. The 
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Seven days after injury; the necrotic skin has been cut away. 
Dry gangrene of index, ring, and little fingers, most noticeable at nails. 
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middle finger had lost only its proximal phalanx. 
The index finger had lost all but its proximal phalanx. The 
middle finger was incapable of movement owing to 
the loss of its interossei and lumbrical attachments 
and the destruction of its long tendons. The index 
stump was capable of movement by virtue of 
its lumbrical, interossei, and long tendons 
which were adherent to the proximal phalanx 
(Fig. 171, A). It was reasoned that, if the 
remnants of these two fingers could be com- 
bined, one whole and functioning digit would 
result. 

3. The Reconstruction.— 

Middle finger: A triangular incision, its 
apex distally, was made on the radial side 
of the proximal phalanx and the enclosed 
area of skin excised. An accommodation 
space was made in the fibrous-tissue core 
of the finger, extending distally to the base 
of the middle phalanx. The whole of the 
middle metacarpal was then excised through 
a separate incision on the dorsum of the 
hand. 

Index stump: The whole of the skin and 
subcutaneous tissue was excised with the 
exception of an inverted V-shaped area on 
the radial side. Fibrous tissue was cleared 
from the end of the phalanx till healthy bone 
was exposed. 

The middle finger was moved towards 
the radial side till the proximal phalanx of 
the index finger occupied its accommoda- 
tion space. This lateral shift was made 
possible partly by the mobility of the soft tissues and 
partly by the movement of the fourth and fifth meta- 
carpals towards the bed of the excised third metacarpal 
(Fig. 171, B). The proximal phalanx of the index finger 
was then sutured with catgut to the second phalanx of 
the middle finger. The margins of the two skin incisions 


fh 
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Fic. 171.—Same case. A, Showing index stump and 
absence of proximal phalanx of middle finger. B, Showing 
transposition of middle finger to index site. “The middle meta- 
carpal has been excised. The fourth and fifth metacarpals 
have been moved towards the radial side. 


which had now come together were sutured and plaster- 
of-Paris fixation employed. 

4. Further Operative Procedures.—Three months after 
operation no bony union had occurred. Following a 
further operation at which the bone ends were freshened 
and sutured with stainless steel wire, firm union occurred 
in six weeks. As there was still considerable adduction 





134 THE BRITISH 
of the thumb and flexion of the wrist, a Z-plastic of the 
first interdigital cleft and lengthening of the flexor 
tendons in the wrist were carried out. At the same 


time, the rather voluminous abdominal graft was under- 
cut, trimmed, and re-sutured. Fig. 172 shows the result 
six months after the completion of this operation. 


Fic. 172.—Same case. Showing result of transposing middle 
finger to site of index. 


Comment.—Both these patients are now fully 
employed. J. R. (Case 1) has returned to his rope 
works and, though not operating the same high- 
speed machine, is earning the same wage as before 
his accident. A. C. (Case 2) has found employment 
in the boot-making trade. Using his ‘ forceps hand ’, 
he can pick up and place in position the small sprigs 
used in soling shoes. He drives them with a hammer 
held in his left hand. 

In Case 1 the distal portion of the finger was 
amputated at the time of operation as it was thought 
that the finger would be too long and cumbersome. 
(The thumb is normally two phalanges shorter than 
the index finger.) It was later considered that this 
was a mistake. The value of a nail and so specialized 
an area as the finger pulp is too great for them to be 
sacrificed for appearance and stability. Although 
the base of the first metacarpal, carrying the insertion 
of the long abductor tendon, was present, it was not 
necessary for the success of the operation. A 
fibrous joint between the transplanted metacarpal 
and the recipient carpus is quite satisfactory, pro- 
vided the tendon of abductor pollicis longus is 
drawn down and fixed to the metacarpal. The 
direction of pull of the flexor tendons creates an 
adduction force which, if unopposed by an abductor, 
will draw the finger away from its all-important 
position of opposition to the middle finger (now 
the index finger). 

It will be recalled that in Case 2 non-union with 
displacement of the bone ends occurred after the 
finger had been transplanted, and yet rapid union 
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followed a subsequent operation at which the bone 
ends were freshened and resutured. Two possible 
reasons for this are suggested. First, the blood- 
supply of the finger following its transplantation 
must have been very poor, and vascular insufficiency 
may have been a direct cause of the failure to unite. 
Secondly, the bone suture at the time of the trans- 
plant was performed with catgut, and at the subse- 
quent operation with stainless steel wire. Wire 
ensures a more adequate and lasting fixation than 
catgut with less tissue reaction ; in no case where | 
have used stainless steel wire for bone suturing 
has delayed union or displacement of the fragments 
occurred. 

Case 2 illustrates the extreme importance of 
maintaining the position of function of the hand 
throughout all stages of treatment. During the skin- 
grafting stage the thumb became adducted and the 
wrist flexed. These deformities were produced by 
the position of the hand as it lay on the body surface 
for a period of four weeks. The possibility of 
such deformities occurring was foreseen from the 
outset and attempts were made to prevent them by 
various means, including moulded perspex splints, 
but the attempts were, for the most part, unsuccessful. 


WHOLE FINGER GRAFT FROM THE OTHER HAND 


Case 3.—W. B., aged 15. This lad had his right 
hand caught in a mincing machine and lost the greater 
part of all four fingers (Fig. 173). 


Fic. 173.—Case 3. Amputation of all four fingers in 
a mincing machine. 


OPERATIVE TECHNIQUE.— 

1. Initial Operation.—It was decided at this primary 
operation that a whole finger graft from the other han 
should be performed at a later date, and the index stump 
was chosen as the recipient site. As conservation of the 
length of this stump meant much to the success 0 
the future transplant, a minimum of bone excision Wa 
carried out though this meant suturing the flaps under 
considerable tension. ; 

2. The Finger Graft.—The general plan of this stagt 
was as follows: to divide all structures of the mn 
finger of the left hand with the exception of a soft-tissut 
flap on the ulnar side, this flap containing the digit 
artery and nerve; to swing the distal segment of tht 
finger ulnarwards through an angle of 90° and oppo 
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its raw end to the prepared end of the right index stump 


Fig. 174) 3 
figtal nerve on the exposed side ; 


to suture the bone, the tendons, and the 
and finally, to cover 


Fic. 174.—Same case. Showing left ring finger swung 
on a neurovascular pedicle through go° and ready to be 
opposed to end of right index stump. 


all raw areas and allow the fingers to grow together. It 
all structures were to be divided and sutured at the 
same level, there would be a danger of the formation 


INDEX STUMP 
RIGHT HAND 


RING FINCER 
LEFT HAND 


Fic. 175.—Same case. Illustrating level of division of 
similar structures of right index and left ring fingers. ET, 
Extensor tendon; B, Naked bone end; TS, Tendon-sheath; 
FT, Flexor tendon; PC, Periosteal cuff. 


of a through-and-through block of scar tissue incor- 
porating all suture lines and seriously interfering with 
both blood-supply and function. To minimize this 


Fic. 177.—Same case. 
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danger, each structure was divided at a different level 
in the following manner :— 

Right index finger (Fig. 175): The stump was first 
cleanly guillotined as near to its distal end as possible ; 
then, working proximally through a lateral incision on 
its radial side, the periosteum and the extensor expansion 
were incised round the full circumference 1 cm. from 
the guillotined surface. The portion of the periosteum 
distal to this incision was elevated and removed, leaving 


Fic. 176.—Same case. Photograph taken at operation 
after suture of bone, periosteum, and tendons. 


a length of 1 cm. of naked bone protruding beyond the 
periosteal edge. The digital nerves were divided midway 
between the end of the bone and the end of the periosteum. 
The adherent and fibrous flexor tendon was dissected 
free and divided through healthy tendon tissue in the 
palm above the tendon-sheath. 

Left ring finger (Fig. 175): Here the incision passed 
round the base of the finger but did not completely 
encircle it on the ulnar side. Through a lateral incision 
on the radial side, proximal to the first incision, the 
periosteum, together with the extensor tendon, was 
divided 1 cm. proximal to the level of the circular skin 
incision; it was then elevated in the form of a cuff 
distally for a distance of 1 cm. At this level the bone 
was sectioned and the periosteal cuff allowed to fall back. 
The digital nerve on the radial side was, as before, 
divided midway between the bone and periosteal ends. 
By careful dissection the fibrous sheath containing the 
flexor tendons was stripped from the base of the proximal 
phalanx and the neck of the metacarpal, and the tendons 


Showing end-result of a whole finger graft from uninjured hand. 
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divided in the palm above the proximal end of the sheath. 
Access to this latter part of the dissection was gained 
through a separate incision in the palm. 

The hands were crossed and the forearms bound 
into a plaster shell which had been prepared some days 
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the hand. It will be recalled that these structuces are 
two digits opposed to each other, at least one «f them 
being mobile. Before this aim was achieved, three 
separate plans of reconstruction were devised and 
attempted. 


FIGs. 178, 179.—Case 4. Anti-personnel bomb injury to right hand. Numerous bomb fragments are seen in the radiograph. 


previously. The distal portion of the left ring finger 
was swung on its neurovascular pedicle through an angle 
of 90° and its end brought into apposition with the end of 
the right index stump. The periosteal cuff of the ring 
finger was slid over the naked bone end of the index 
stump and all divided structures came together end to 
to end. Stainless steel wire was used throughout in 
suturing the flexor digitorum profundus tendon, bone, 
extensor expansion, and digital nerve, in that order 
(Fig. 176). The wound was closed by first suturing the 
opposed edges of the two circular incisions. This left 
the proximal edge of the circular incision in the ring 
finger and the longitudinal incisions on the radial side 
of each finger to be dealt with. The longitudinal incision 
in the ring finger was closed completely while that in the 
index stump was closed in its proximal two-thirds, the 
distal one-third being left open. By retracting the edges 
of this terminal portion of the incision, a roughly semi- 
circular edge was obtained. This edge was sutured to 
the free edge of the circular incision in the ring finger. 

Twenty-three days after the first operation the hands 
were separated by dividing the soft-tissue flap which 
connected the two fingers. Suture of the remaining 
digital nerve and closure of the wound completed the 
transplant. Fig. 177 show the result eight months after 
the completion of the second stage. 


Case 4.—W. M., aged 12. This boy, who was kindly 
referred to me by Mr. T. McW. Millar, had most of his 
right hand blown away by the explosion of an anti- 
personnel bomb (Figs. 178, 179). It will be seen from 
Fig. 179 that the sole remaining bony structures of the 
hand were the metacarpal and a portion of the proximal 
phalanx of the middle finger, and the metacarpal of the 
ring finger. A small range of movement was present 
at the metacarpophalangeal joint. 

This case proved to be extremely difficult and many 
misfortunes and failures were encountered. 

The general aim of reconstruction was the restoration 
of the structures which subserve the basic function of 


OPERATIVE TECHNIQUE.— 

1. First Plan.—To construct an artificial digit from 
living tissues, the digit to be fixed to the anterior aspect 
of the carpus and thus to face the middle finger; to 


Fic. 180.—Same case. First plan. A, Fixed unit: skin 
tube and bone-graft. B, Mobile unit: distal half of the meta- 
carpal and proximal phalanx of middle finger. C, Point of 
action of mobile unit: the metal hinge. 


restore mobility to the middle finger; to create a 
accommodation space between the two digits, the restora 
tion of mobility and the creation of the accommodation 
space to be achieved by making a false joint in the shaft 
of the metacarpal (Fig. 180). ae 

A tubed pedicie graft was raised from the skin 0 
the right iliac fossa. Through a dorsal incision in the 
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hand, stainless steel hinges were inserted in the meta- 
s after dividing them at the centre of the shaft 
Fig. 181). 
oe bone grew round the hinges and firm bony 
wion occurred. A semiflexed position, however, was 
deliberately maintained. Though the arthroplasty had 
failed, an accommodation space had been gained by 
what amounted to an osteotomy (Fig. 182). Owing to 


eee 


FIGs. 181, 182.—Same case. 


the failure to obtain mobility in this digit—the only 
possible one—the whole plan had to be abandoned. 

2. Second Plan.—To utilize the carpo-metacarpo- 
phalangeal unit as the fixed digit and to obtain a mobile 
digit by a whole finger graft from the uninjured hand 
(Fig. 183). The aim of this plan was: to divide at its 
centre the metacarpal of the ring finger of the uninjured 
hand; to bring the distal portion together with flexor 
and extensor tendons and digital nerves through the 
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Fic. 183.—Same case. Second plan. A, Fixed unit: 
metacarpal and proximal phalanx of middle finger. (The 
stippled area around the hinge indicates bony ankylosis.) B, 
Mobile unit: all three phalanges of the grafted finger. C, 
Point of action of mobile unit: metacarpo-phalangeal joint 
of the grafted finger. 


Incision into the palm of the hand; then to pass them 
ough an incision on the palmar aspect of the damaged 
hand, fix the metacarpal to the bones of the carpus, and 
suture the tendons to the distal ends of similar structures 
of the injured hand; and finally to complete the union 
of the two hands by suturing together the corresponding 
Margins of each incision. 
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Right hand: A palmar incision was made over the 
carpus. The stump of the median nerve and the tendons 
of flexor pollicis longus and flexor digitorum sublimis 
to the index finger were dissected free from scar tissue. 
A bed was prepared in the carpus for the reception of 
the left fourth metacarpal. 

Left hand: A palmar incision was made over the 
fourth metacarpal. The digital nerve and artery to each 


Three weeks after insertion of hinges, showing passive flexion of almost go°. 


side of the ring finger were sectioned, and the flexor 
tendon divided high up. A dorsal incision was then 
made, the extensor tendon divided, and the metacarpal 
divided obliquely at about its midpoint. 

Both hands together: The hands were brought face 
to face. The distal half of the divided metacarpal was 
flexed to a right angle at the metacarpo-phalangeal joint 
and, with the distal portions of the flexor and extensor 
tendons and digital nerves, brought out through the 
palmar incision. They were then passed through the 
palmar incision of the injured hand. The metacarpal 
stump was fixed to the recipient carpal bed, the flexor 
digitorum profundus tendon sutured to flexor pollicis 
longus, and the extensor tendon to the stump of flexor 
digitorum sublimis to the index finger. The digital 
nerves were sutured to the end of the median nerve. 
To complete this stage, the corresponding margins of the 
palmar incisions in each hand were sutured together, 
enclosing the above structures and uniting the two hands. 
The dorsal incision in the left hand was then closed. 

At the end of twenty-eight days, a V-shaped incision 
was made on the dorsum of the left hand, the open ends 
of the V being in the interdigital clefts adjacent to the 
ring finger. The incision was deepened till all structures 
which were to be left behind were reached. Only these 
structures and the skin and subcutaneous tissues on the 
palmar side now remained. At this juncture, the circula- 
tion of the finger began to deteriorate and the separation 
was discontinued. The wound was packed open with 
gauze and the patient returned to bed. ; 

Fourteen days later, the separation was completed 
by making a similar V-shaped incision on the palmar 
aspect of the left hand and deepening it until its two 
limbs met those of the dorsal V. The abdominal skin- 
tube was utilized at this stage to cover the raw area on 
the upper and lateral aspects of the grafted finger. 

Unfortunately, mild sepsis occurred after the first 
operation, with the result that tendon action was lost 
and bony union failed to occur between the donor meta- 
carpal and the recipient carpus. The bone ends were 
now exposed, freshened, and re-fixed. A free graft 
of an extensor tendon of the foot was used to replace a 
portion of the flexor tendon which was irreparably dam- 
aged by fibrosis. Again there was a lighting up of sepsis 
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and again tendon action was lost and bony union failed 
to occur. 

A review of the situation now showed that the actual 
transplant of the finger had been achieved, but that it 
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Fic. 184.—Same case. Third plan. A, Fixed unit : whole 
of grafted finger. B, Mobile unit: carpus, metacarpal, and 
proximal phalanx of middle finger. C, Point of action of 
mobile unit: radiocarpal joint. (The stippled areas indicate 
bony ankylosis.) 


was flail and without active movement. With all hope 
of obtaining active movement now gone, a further attempt 
to fix the finger to the carpus would have been futile as 
both digits fixed to the carpus and without indepen- 
dent motion would move together with the carpus. 
This plan had therefore to be abandoned. 

3. Third Plan.—To re-graft the finger to the 
lower end of the radius using it as the fixed digit, 
the carpo-metacarpo-phalangeal unit acting as the 
mobile digit (Fig. 184). 

Through a long antero-lateral incision, the 
grafted metacarpal and proximal two phalanges 
were exposed. Both the metacarpophalangeal and 
proximal interphalangeal joints were excised and 
a long gutter passing through all three bones on 
their dorsal aspects was made. A graft was cut 
from the radius, slid downwards, and locked into 
the gutter after the whole finger had been moved 
upwards from the carpus to the distal end of the 
radius. 

At this time penicillin was available and, with 
its use, sepsis did not occur. Fig. 185 show the 
result of the third plan. 


Comment.—W. B. (Case 3) is now em- 
ployed as a bar tender, and his sole complaint 
is that he is unable to grasp the larger whisky 
bottles. All other bottles and glasses he handles 
with ease. 

W. M. (Case 4): At the present time, only 
six weeks after removal of the plaster, there is 


normal response to both exteroceptive and proprio- 
ceptive impulses. Pain, temperature, and touch are 
appreciated in the whole finger with the exception 
of a small area on the ulnar side of the terminal 
phalanx. Discrimination is not always accurate, 
but localization is good and stereognosis is present. 
Joint position is very accurately determined, and 
variations of pressure are appreciated. Sweating 
of the finger occurs, and no trophic changes are 
present. In Case 4 appreciation of both superficial 
and deep sensibility is absent. The finger does not 
sweat. It is somewhat tapered and the skin is rather 
shiny, but ulceration has not occurred. In Case 3 
tendon and nerve sutures were successfully per- 
formed. In Case 4 sepsis occurred after the first 
two operations; the third operation of regrafting 
the finger from the carpus to the radius was 
performed without regard to tendons or nerves, 
In the transfer of a finger from one hand to the 
other, the interval of time between the first and 
second stages is of vital importance. The loss of a 
normal finger from the uninjured hand, if due to the 
too early severance of its pedicle, would be a disaster. 
In estimating the time when the blood-supply from 
the recipient hand to the grafted finger is adequate 
enough to allow of its separation, the tourniquet 
test may be relied upon. The method of application 
of this test as used in Case 4 is as follows: With the 
patient in the supine position, the arms with their 
interlocked hands are raised vertically above the 
head. Both limbs are then emptied of blood by 


as yet little power in his grasp, though he is Fic. 185.—Same case. Showing the hand after completion of third plan. 


able to hold a cylinder of metal one and a half 
inches in diameter and weighing one and a 
half pounds. He can hold a thin sheet of paper and 
a pin in his finger-tips and can write quite legibly. 
He is employed as a messenger boy for four hours 
during the day. At night he attends a technical 
school, where he is taking a course in engineering. 
The response to sensory stimuli in the above 
two cases is very different. Case 3 shows an almost 


Photographs taken immediately after removal of plaster cast. 


applying a rubber bandage in an upward direction 
from the wrist to above the elbow. A second 
bandage is then applied to each arm as a tourniquet 
and the first one removed. Both hands are now 
totally ischemic and white. The arms are lowered 
and the tourniquet on the arm of the recipient hand 
is removed. The flush which follows the tourniquet 
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removal is watched as it spreads down the limb. If tissues. In view of the disadvantages and difficulties 
it continues on into the grafted finger, an adequate associated with a long digit of this nature, it was decided 
hlood-supply from its host may be assumed and its that only a short prop should be used. 
separation from the donor hand proceeded with. 
On general principles, the introduction of 
foreign material into living tissue should be avoid- 
ed if possible, particularly in an area where a 
high degree of function is required, but it is not 
unreasonable to assume that, with the recent 
advent of materials which excite very little tissue 
reaction, in certain cases some form of mechanical 
hinge could be used as a means of arthroplasty. 
A stiff proximal interphalangeal joint is a very 
crippling disability and presents an extremely 
dificult therapeutic problem. The results of 
capsulotomy are very variable and even excision 
of the joint with the interposition of fat and 
fascia may fail to give more than a slight improve- 
ment in function. In addition, excision often 
leaves a distorted and unstable finger. In the 
gross case where the lesser procedure of capsul- 
otomy is unlikely to succeed, a metal hinge 
arthroplasty perhaps offers the greatest chance of 
success. In the case quoted above (Case 4) it was 
surprising that bony union occurred when so 
many of the causes of non-union were present. , 
The bone ends were separated, foreign material siatan hte _— —” ee 
was interposed between the fragments, and move- 
ment at the fracture was constantly taking place. OPERATIVE TECHNIQUE.—A tube pedicle graft was 
Active movements were encouraged and passive raised from the skin of the right flank. In this situation 
movements through a maximal range, at first 90° the skin closed readily beneath the tube. . 
(Figs. 181, 182), were carried out daily. Since this After three weeks, the upper end of the tube was 
operation, a different type of hinge has been used freed and applied over the head of the first metacarpal, 
ona number of occasions in both the metacarpo- after the skin had been excised in the form of an ellipse. 
phalangeal and the interphalangeal joints, 
with very encouraging results. (This hinge 
has a large central portion which occupies 
the whole of the space between the bone ends.) 
The following case serves to justify the 
operation of hinge arthroplasty. In this 
patient two adjacent metacarpophalangeal 
joints presented an equal degree of stiffness, 
not more than a few degrees of active flexion 
being present. Both had failed to respond 
to a capsulotomy owing to the very gross 
post-infective fibrosis which was present. 
Both joints were excised in a similar manner. 
In one, the bone ends were wrapped in fascia 
and a pad of fat interposed. Into the other 
a stainless steel hinge was inserted. Both 
fingers received the same post-operative care 
and physiotherapy. Exactly the same degree 
of active flexion was obtained at each joint 
nearly 60°. The joint in which excision 
alone had been performed had a greater 
degree of lateral instability than the one into 
Which the hinge had been inserted. 


MANUFACTURE OF AN ARTIFICIAL DIGIT FROM 
LIVING TISSUES 


. ged 5.—H, C., aged 18. This lad had his Fic 187.—Same case. After construction of a short-prop artificial 
tight hand crushed in a mechanical hammer. digit from a skin tube and free cancellous bone-graft. 


Th ¢ thumb was lost at the metacarpophalangeal 

joint, and the middle, ring, and little fingers at the base In a further three weeks the separation of the tube 
of the middle phalanges. The index finger, though from the abdomen was completed, and its free end 
severely damaged, was saved (Fig. 186), but could not be closed by fashioning two flaps of equal length. 

used to reconstruct the thumb as in Case 1. It was, Ten months later, a free graft was taken from the 
therefore, proposed to manufacture a thumb from living _ iliac crest and implanted in the tube. A curved incision 
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parallel with the iliac crest and 1 in. below it was made 
immediately behind the anterior superior iliac spine. 
The gluteal muscles were stripped from the crest and 
turned downwards. A portion of crest was then resected 
with an osteotome, care being taken to leave the cortical 
bone of the inner aspect of the ilium untouched; the 
portion excised consisted of the outer three-quarters 
of the thickness of the crest. The gluteal muscles were 


Fic. 188.—Case 6. Showing loss 
of terminal phalanx of left thumb. 


then sutured back to the remaining inner portion of the 
crest. This method of cutting a graft was used to prevent 
the formation of a hernia which had occurred in an earlier 
case. The skin tube was opened by a lateral incision 
and its central core of fibro-fatty tissue excised. The 
head of the metacarpal was dissected free and a portion 
of it excised. The free graft was forced into the tube 
under end-to-end tension, and fixed to the metacarpal 
by two stainless steel wire sutures passed through drill 
holes at right angles to each other. Fig. 187 show 
this boy’s hand twelve months after operation. 


Case 6.—C. McL., aged 15. This girl lost the 
terminal phalanx of her left thumb in a bacon-slicing 
machine (Fig. 188). An operation similar in all respects 
to the one described above (Case 5) was performed. 
Figs. 189, 190 show her hand nine months after operation. 
At the time of the photograph (Fig. 190), the thumb was 
somewhat cedematous, the result of a blow she had 
received a week previously. 


Comment.—In E. C. (Case 5), though the new 
finger lacks length, the function is surprisingly 
good. Before operation he was unable to pick up 
small objects and his grasp was weak. Now he is 
able to hold a pin between the finger-tips, and his 
grip for anything but large objects is very powerful. 
The sensory response to touch and pin-prick is 
accurate. Bony union is very sound and the viability 
of the finger in general is excellent. During the 
past eighteen months he has been employed as an 
apprentice engineer in a machine shop. 

C. McL. (Case 6) illustrates the use of this method 
of finger reconstruction from the cosmetic point of 
view. With the loss of only the distal phalanx of 
her thumb, function was, of course, little curtailed, 
but she was very depressed about the appearance of 
her hand and it was for this reason that the opera- 
tion was undertaken. Her depression has now left 


JOURNAL OF 


_ Fics. 189, 190.—Same case. 
a skin tube and free cancellous bone-graft. 
after operation is similar in appearance to one taken four months after operation. 


SURGERY 


her and she is very grateful for her new thumb 
The addition of an artificial nail would be a very 
great advantage in this type of case. To facilitate 
the wearing of such a nail, the preparation of a nail 
fold by overlapping the end flaps of the tube at the 
time of its removal from the abdomen is at present 
under consideration. 


Showing result of replacement-of a distal phalanx by 
The radiograph of the bone-graft nine months 


It has been mentioned that one of the main dis- 
advantages of this method of restoring a lost digit 
is the lack of mobility. To overcome this dis- 
advantage, the manufacture of a mobile artificial 
digit from living tissues is, at the moment, under 
consideration. The general plan of this reconstruc- 
tion is to insert into the base of the skin tube a 
free graft of a whole metatarsophalangeal joint from 
a toe, and when this graft has taken, to insert into 
the remainder of the tube a cancellous graft using 
the distal segment of the joint as the new bony host. 


SUMMARY 


Three methods of restoring lost digits to a hand 
are described: (1) The transference of a digit of 
the same hand ; (2) A whole finger transplant from 
the other hand ; (3) The manufacture of an artificial 
digit from living tissues. 

Case histories are given in illustration of each 
method. j 

The use of a metal hinge as a means of arthro- 
plasty is suggested. 

The possibility of constructing a mobile artificial 
finger from living tissues and of adding an artificial 
nail' to such a digit is mentioned. 


' wish to acknowledge my indebtedness to 
Professor J. R. Learmonth for his encouragement 
in this type of work and for his helpful criticism 
and suggestions in the preparation of this paper; 
to Mr. David Band and other members of the 
Honorary Staff of Leith Hospital for their co-opera- 
tion and assistance in establishing a hand unit; 
to Mrs. Selby Tulloch for the line drawings ; and 
to the nursing staff of Leith Hospital for their patient 
and careful attention to the many details which thes¢ 
cases involve. 
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MYELOGRAPHY IN LUMBAR INTERVERTEBRAL DISK LESIONS 


A CORRELATION 


WITH OPERATIVE FINDINGS 
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FROM THE DEPARTMENTS OF DIAGNOSTIC RADIOLOGY, NEUROSURGERY, AND MEDICINE OF THE DUNEDIN HOSPITAL AND THE 
OTAGO MEDICAL SCHOOL, NEW ZEALAND 


Tue value of myelography in the investigation of 
patients thought to be suffering from intraspinal 
protrusion of the lower lumbar intervertebral disks 
is still a matter of controversy. At first, when this 
new field of surgery was being explored, an abnormal 
myelogram was considered essential for diagnosis 
(Mixter and Barr, 1934; Hampton and Robinson, 
1936; Love and Camp, 1937), but with increasing 
experience it was found that the diagnosis could be 
made readily from clinical features alone, and, 
indeed, even more accurately, for some disk pro- 
lapses could not be demonstrated by myelography 
(Semmes, 1939; Bradford and Spurling, 1941 ; 
McKenzie and Botterell, 1942). It was also learnt 
that the myelographic appearances might be difficult 
to interpret, and could be confusing or misleading, 
and this prompted some authorities to discredit 
the procedure (Dandy, 1941 and 1943; Skinners 
and Hamby, 1944). More recently, however, other 
investigators employing pantopaque as the contrast 
medium have claimed that they can demonstrate 
lumbar disk protrusions with complete accuracy 
(Childe, 1945; Soule, Gross, and Irving, 1945), 


while yet others using the same medium have found 


that the myelogram may be normal, and yet a disk 
protrusion be present (Eaglesham, 1944; Arbuckle, 
Shelden, and Pudenz, 1945). 

This controversy appears to be the result of an 
incomplete appreciation of the uses and limitations 
of myelography in intervertebral disk protrusions. 
We have therefore analysed our experiences in 100 
consecutive cases of lumbar disk lesions submitted 
tooperation. In this series the diagnosis was based 
on history and physical signs alone (Falconer, 1944). 
None the less, myelography was employed as a rou- 
tine, for we found that this procedure is valuable 
in revealing not only the level of a disk protrusion, 
but also its site in relation to the theca and extra- 
thecal nerve-roots. Thus the myelogram shows 
whether a protrusion is centrally placed or laterally 
placeed—information which is helpful, for at opera- 
; ton it has often proved necessary to deal with a 
centrally placed prolapse from both sides of the theca, 
rather than by a unilateral approach. Further, 
multiple disk protrusions are not infrequently 
Present, a fact which it is also useful to know before 
operation. Finally, myelography may disclose cauda 
€quina tumours and other lesions which simulate 
a intervertebral disk syndrome. 

Thus myelography tells the surgeon beforehand 
What to expect at operation. As a surgeon fore- 
warned is a surgeon forearmed, a consideration of 
our experiences may assist others. 


NOMENCLATURE 


In the literature a number of terms have been 
used to describe intraspinal protrusions of inter- 
Vertebral disk tissue. Among the terms which have 
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become almost synonymous through usage are pro- 
lapse, protrusion, rupture, and herniation. Because 
of this confusion of terminology, it seems desirable 
to define at the outset the terms which we have 
found useful in describing different types of lesion. 
In common with others we employ ‘ prolapse’ and 
‘ protrusion ’ as synonymous generic terms covering 
all types of these intraspinal lesions. From our 
operative and myelographic experience, however, 
we feel that these lesions may be subdivided with 
advantage into four separate groups, as follows :— 

1. Projections—The commonest type is a con- 
stant, localized projection of nuclear substance still 
covered by the smooth, glistening, annulus fibrosus, 
thinned but intact. 

2. Intermittent Prolapses.—Next in frequency is 
an intermittent prolapse which may protrude only 
when the intervertebral disk is subjected to certain 
strains. This type is probably similar to the ‘ con- 
cealed ’ disk described by Dandy (1941). 

3. Extrusions.—In some cases the annulus fibrosus 
ruptures, allowing nuclear material to escape free 
into the spinal canal. This we term an ‘ extrusion ’. 

4. Scarred Disks.—Over a period of years the 
opposing surfaces of the vertebral bodies may become 
sclerotic, the disk space may become greatly dimin- 
ished in width, and at operation the theca and 
extrathecal nerve-root may be found firmly adherent 
to the back of the disk without an actual projection 
being present. This we call a ‘ scarred disk ’. 


CASE MATERIAL 


Myelography, employing either ‘ Pantopaque ’ 
or ‘ Lipiodol Lafay’ as the contrast medium, was 
carried out in 95 of 100 consecutive cases of sciatica 
and low back pain occurring singly or in combination, 
while in I case an oxygen myelogram was used. The 
clinical features, operative findings, and results of 
treatment of this group will form the subject of 
another study. With one exception disk lesions 
were found at operation in all cases. Some patients 
were explored more than once because the patho- 
logical disk tissue had been inadequately removed 
at the first operation. Eventually all cases of 
sciatica were benefited, as were the majority of cases 
of severe low back pain unaccompanied by sciatica. 
During the investigation we encountered one case 
of tumour causing sciatica. This was an extrathecal 
hydatid cyst which was distinguishable by myelo- 
graphy. It would seem from our experience that 
intervertebral disk lesions are the only common 
cause both of sciatica and of severe low back pain. 

Early in the series we encountered 9 cases in which 
the myelograms were worthless because of artefacts 
arising from faulty technique. By experience we 
learnt the causes and the significance of these arte- 
facts, and later how to obviate them. The principal 
analysis is based on the 86 cases in which myelograms 
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were satisfactory. In 42 of these pantopaque was 
the contrast medium, and in the remainder (44) 
lipiodol. Pantopaque was employed for preference, 
but as supplies were not always available, lipiodol 
had at times to be used instead. Myelography was 
not carried out in 4 cases because no suitable medium 
was available at the time. 


METHOD OF EXAMINATION 


Our method of examination resembles that em- 
ployed by most authorities, but it differs in certain 
respects. We inject 3 c.c. of contrast medium 
through a lumbar-puncture needle inserted at the 
third or fourth lumbar interspace with the patient 
lying on his side. The needle is then withdrawn. 
The examination is carried out as soon as con- 
venient, the patient meanwhile remaining recumbent. 

The examination is begun with the tilting table 
vertical, and the patient standing on the footplate 
facing it. ‘Thus, at the outset, the contrast medium 
is collected in a mass in the thecal cul-de-sac. Then, 
as the head of the table is lowered, it flows evenly 
up the lumbar canal, its progress being watched 
carefully on the fluorescent screen. Most patients 
need not move during the whole examination, but 
occasionally it may be necessary to rotate a patient 
into an oblique position to obtain better filling of 
the root pouches, or to investigate further a sus- 
picious filling defect. As the medium straddles 
each disk space, anteroposterior films are exposed 
with the spot film device, while the angle of 
tilt of the table is noted. Once all the lumbar 
interspaces have been inspected, tilting of the table 
is reversed, and the opaque medium observed as 
it flows slowly back to the bottom of the lumbar 
sac. The constancy of an abnormality may thus be 
established, and, if necessary, the whole manceuvre 
may be repeated. Prone-lateral views of the lower 
two lumbar interspaces are taken as a routine, and 
this is facilitated by placing the tilting table at the 
angles previously noted. An independent rotating- 
anode tube and a wafer grid are used. We have 
found these lateral views most helpful in the subse- 
quent interpretation, although many authorities 
have apparently found them of little use (Hampton 
and Robinson, 1936; Childe, 1945 ; Soule, Gross, 
and Irving, 1945). Oblique views, on the other 
hand, rarely reveal information which cannot be 
derived from a study of the anteroposterior and 
lateral projections. 

Recently we have introduced a manceuvre which 
we believe increases the scope of the examination, 
especially in cases where the myelograms at first 
sight seem normal. While the opaque medium 
lies in relation to each disk space, hyperextension 
of the spine is effected by asking the patient to raise 
his head and shoulders as far off the table as possible, 
without altering the position of the lower portion 
of the trunk. In this way we have been able to 
demonstrate lesions which the usual technique had 
failed to disclose. These lesions are of the type 
which we describe as ‘ intermittent prolapses ’. 

In only a few cases was the contrast medium 
subsequently removed by aspiration through a 
lumbar-puncture needle as recommended by Kubik 
and Hampton (1941). Lipiodol we generally aspir- 
ated at operation after the theca had been opened. 
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Pantopaque, however, was often left in situ, and no 
harmful effects have been noticed. This has 
enabled us to screen our patients at intervals afte 
the initial myelogram. Filling of the root pouches 
may not be complete for some days, and so delayed 
myelography has occasionally demonstrated abnor. 
malities which were not visible at the firs 
examination. Important information regarding the 
persistence of defects has also been obtained ip 
patients whose symptoms had disappeared spon- 
taneously. Follow-up radiological studies have con- 
firmed that pantopaque is slowly absorbed, at a rate 
approximately two-thirds of its volume in a year. 


RELEVANT ANATOMICAL 
CONSIDERATIONS 


The myelographic appearances depend upon 
the shape of the subarachnoid space, and the extent 
to which it is filled by the contrast medium. They 
are also influenced by structures within the sub- 
arachnoid space or in proximity to it. Consequently 
a consideration of the relevant anatomical relation- 
ships is important, particularly as in the literature 
some terms are employed confusingly. 

By the term theca we refer to the meningeal tube 
composed of dura and arachnoid which surrounds 
the spinal cord and cauda equina. This tube 
presents a number of prolongations or sheaths which 


Fic. 191.—Diagram of a root pouch illustrating relationship 
of dural and arachnoidal sheaths to a nerve-root in its extra- 
thecal course. The subarachnoid space is coloured pink, the 
arachnoid is depicted by a thin line, the dura by a thick line, 
the intervertebral disc by cross-hatching, and the pedicle by the 
number of its vertebra. 


surround emerging nerve-roots in the first part of 


their extrathecal course. Each sheath is composed 
of two layers: the outer, formed by dura, pass¢s 
on to become the neurilemma of the spinal nerve; 
the inner, derived from the arachnoid, forms 3 
sleeve which invests the nerve-root for a variable 
distance, and may reach as far as the dorsal root 
ganglion before it fuses with the root pia. Hence? 
prolongation of the subarachnoid space accompanies 
each nerve-root, and this prolongation constitutes 
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the root pouch (Fig. 191). ‘The root pouches of the 
frst and second sacral nerves are the longest. 

The elements of the cauda equina lie loosely 
within the subarachnoid space, where they are freely 
movable. Each nerve-root consists of a dorsal and 
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The arrangements of the individual nerve-roots 
composing the cauda equina usually conform to one 
of two main patterns, but intermediate variations 
occur. These patterns may influence the myelo- 
graphic appearances within the theca (see Fig. 193). 


B 


FiG. 192.—A, Dissection of the lumbosacral region from behind. The pedicles had been sawn through, the lamine removed, and 


the thecal sac and extrathecal nerve-roots displayed. The nerve-roots in their extrathecal course have been painted white. 


B, Radio- 


graph of this dissection after lipiodol had been introduced into the subarachnoid space and wires placed in positions corresponding 


with the extrathecal course of the nerve-roots. 
and also to the intervertebral discs. (x 3.) 


a ventral component in close apposition. As it 
proceeds towards its point of emergence from the 
theca, it passes laterally and forwards to lie in contact 
with the antero-lateral wall of the theca for some 
distance. On entering the root pouch it becomes 
telatively fixed, and therefore from this point 
onwards it is more readily affected by external 
Pressure. From the theca it proceeds downwards, 
outwards, and slightly forwards, around the infero- 
medial aspect of the vertebral pedicle to the inter- 
Vertebral foramen where its spinal (dorsal root) 
ganglion is situated. 


The radiograph shows clearly the relation of the nerve-roots to the root pouches, 


In one pattern the individual nerve-roots are separ- 
ated from each other, and are so spaced that those 
about to pass through the theca lie laterally, with the 
others lying in order on their medial aspect. The 
filum terminale lies between the lowest nerve-roots 
of either side. In the other pattern the nerve-roots 
are arranged in two large bundles, one on either side 
of the midline, with a wide free space between. 
Within each bundle the nerve-roots are loosely 
adherent to one another, and are so placed that each 
lies posterior or postero-medial to its next cephalic 
neighbour. The filum terminale may lie by itself 
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in the interval between the two bundles, or it may be 
attached to the medial margin of one or other bundle. 

The anterior wall of the theca is closely applied 
to the posterior surfaces of the intervertebral disks, 
being separated from them only by the posterior 
longitudinal ligament. If, however, the lumbo- 
sacral angle is more acute than usual, the theca may 
be separated a few millimetres by fatty tissue from 
the fifth lumbar disk. This explains why disk 
protrusions at the fourth and higher lumbar spaces 
affect the myelograms more readily than do pro- 
trusions at the fifth space. The first sacral nerve- 
roots emerge from the theca at or just above the level 
of the fifth lumbar disk. The fifth lumbar nerve 
roots emerge at or just below the fourth lumbar disk, 
while nerve-roots higher up all emerge below the 
disk cephalic to their numerically corresponding 
vertebra (Figs. 192, 197). Consequently disk pro- 
trusions situated posterolaterally at the fourth and 
fifth lumbar space; readily compress the fifth lumbar 
and first sacral nerves respectively, while similar 
protrusions at higher Jevels usually do not involve 
an extrathecal nerve-root. 

A difficulty in the enumeration of lumbar disk 
spaces arises when there are more or fewer than five 
lumbar vertebre. We have found then that the 
distribution of nerve-roots in relation to the lowest 
or lumbosacral disk usually indicates that it corres- 
ponds to the fifth lumbar disk of persons with five 
lumbar vertebre. In this series, therefore, we 
have numbered the lowest lumbar disk space as 
the fifth, irrespective of the number of lumbar 
vertebre present. 


THE HYDRODYNAMICS OF 
MYELOGRAPHY 


The principle underlying myelography is to 
introduce into the spinal subarachnoid space some 
innocuous medium which will outline it when 
examined by X rays. There are, however, certain 
points about the hydrodynamics of myelography 
which, though simple, are not widely appreciated, 
and which must be understood if myelograms are 
to be interpreted properly. 

The two contrast media, pantopaque and lipiodol, 
are both iodized oils heavier than cerebrospinal 
fluid and not miscible with it. Consequently, when 
int oduced into the theca in limited amounts, each 
substance gravitates to the most dependent portion 
of the subarachnoid space, where it forms a pool 
with a horizontal upper surface, above which is 
cerebrospinal fluid. The shape, depth, and location 
of this pool alters with the position of the patient. 
If he stands erect, the pool collects in the sacral 
cul-de-sac, where its cross-section is limited by the 
circumference of the theca, and consequently its 
depth is relatively great. But if the patient lies 
horizontal in the prone position, the medium will 
flow towards and cover the anterior wall of the 
lumbar theca, for that is now the most dependent 
portion of the subarachnoid space. There it will 
again form a pool with cerebrospinal fluid inter- 
vening between its upper surface and the dorsal wall 
of the theca. This time, however, the longitudinal 
expanse of the pool is great, because the lumbar 
theca is now also horizontal, while its depth is shallow 
in roughly inverse proportion to its length. 
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If sufficiently large quantities are introduced, 
the medium will fill the whole cross-section of the 
lumbar theca, even when the patient lies horj- 
zontally. But we believe there are disadvantages 
in this, and that 3 c.c. is the optimum amount of 
any oily contrast medium which should be intro. 
duced. This amount when collected along the 
anterior wall of the lumbar theca forms a pool 
which is usually sufficient to straddle one disk 
space at a time, but not two. The pool is relatively 
shallow, and consequently small projections will 


FIG. 193.—Composite tracing of an actual myelogram 
depicting: A, The ‘ cylindrical’ type; and B, The ‘ ringed’ 
type of thecal column. Below each tracing is a schematic 
cross-section of theca at level of 4th lumbar disk, showing 
nerve-roots with contrast medium in relation to them. Note 
the two different patterns of the cauda equina. 


If less than 3 c.c. is employed, 
insufficient medium to _ outline 
adequately that portion of the theca which is m 
relation to the intervertebral disk, especially when 


show through it. 
there may be 


the theca is broad. If more than 3 c.c. is used, the 
pool may be so deep that small projections cannot 
be seen through it, as its fluoroscopic shadow 1s t00 
dense. Furthermore, these larger amounts may cover 
the fifth disk even when the patient stands erect, thus 
preventing a complete examination of this space. 
One disadvantage of both these oily contrast 
media is their tendency to break up into globules. 
Lipiodol is a greater offender in this respect than 's 
pantopaque. Ifon lumbar puncture these substances 
are injected slowly and steadily, they will usually 
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collect into one uniform mass. Thereafter care The width of the thecal column may vary from 
should be taken that the patient is tilted slowly so 30 to 80 per cent of the interpedicular distance 
that the medium flows in one mass, otherwise portions (Fig. 195), while its depth, too, may vary. These 
will break off and separate into globules. Once variations are not directly related to the sex or build 
fragmentation has occurred, it may be impossible of the patient, for we have seen narrow columns in 


to fuse the contrast medium together again. 


THE NORMAL MYELOGRAM 


It is convenient to consider the silhouette of a 
normal myelogram under two headings, the thecal 
column and the root pouches. 

1. Thecal Column.—A striking and constant 
feature of the normal thecal column as seen in the 
anteroposterior view is its symmetry. Variations 
occur in its shape, width, and length. There are 
two main types of column, a cylindrical column 
of even tubular form, and much less commonly a 
ringed column with zones of constriction between 
the levels at which successive pairs of nerve-roots 
emerge. All intermediate grades are seen between 
the extremes depicted in Fig. 193. When the pool 
of contrast medium is deep, the thecal shadow is of 
uniform density. When, however, the pool is 
shallow, the nerve-roots show through as bands of 

B 


Fic. 195.—Tracings of myelograms showing: A, Broad 
type; and B, Narrow type of thecal columns. 


heavily built men, and broad columns in young, 
slender women. ; 

Generally the thecal column extends as far down 
as the second piece of the sacrum, but occasionally 
it may terminate as high as the inferior margin of 
the fifth lumbar vertebra. When this occurs the 
root pouches of the sacral nerves are often large and 
fill well, and consequently the effects of a protrusion 
of the lumbosacral disk may still be appreciated 
(Fig. 196). 
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Fic. 196.—Tracing of myelogram, showing high 
termination of thecal sac. 


Prone-lateral views show that, posterior to each 
intervertebral disk, the anterior wall of the theca is 
normally indented by the disk and its ligamentous 

FIG. 194.—Composite tracing of actual myelogram indicating coverings to a depth of up to 2 mm. These small 

the topographical arrangement of the cauda equina. indentations are of no pathological significance, but 
they may cause an exaggerated and misleading 
deformity in the upper lumbar region where the 
spine is straight and the pool of contrast medium 
consequently shallow. On the other hand, at the 


theca and a relatively straight lumbar spine. It may fifth space where the theca may not be in contact 
even be possible to appreciate the arrangement of with the intervertebral disk, an anterior indentation 


the cauda equina (Fig. 194). is often absent. 


tadiolucence, particularly if they lie in close apposi- 
Uon to the anterior wall of the theca. This latter 
appearance is likely to occur in patients with a wide 
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2. Root Pouches.—The outlines of the root 
pouches also are usually symmetrical, but the degree 
to which thev fill varies considerably (Fig. 197). 
Certain factors affect the filling, of which time, 
gravity, and the posture of the patient are the most 
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Fic. 197.—Diagram of a normal myelogram in the lumbo- 
sacral region, showing the variations which may occur in the 
filling of the root pouches with contrast medium, represented 
by pink wash. 


important. Thus, if the radiological examination 
is made immediately after the injection of contrast 
medium only the orifices of the root pouches may 
be demonstrated, but if the examination is repeated 
some days later the sacral root pouches are usually 
filled in their entirety. The lumbar root pouches, 
however, do not fill as completely as the sacral 
pouches, because the contrast medium does not 
remain in relation to them when the patient sits, 
stands, or lies. 

When filled completely, each root pouch shows 
as a uniformly dense shadow 3 to 4 mm. wide passing 
downwards and outwards from the main thecal 
column. If the layer of contrast medium between 
the nerve-root and the arachnoid is thin, the root 
pouch may show in the myelogram as two linear 
streaks with a clear zone between, representing 
the nerve-root. More frequently, where filling is 
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irregular, the opaque medium may appear as a Single 
streak lying medial or lateral to the nerve-root. The 
first and second sacral pouches are the longest ang 
may measure as much as 3 cm. in length, while the 
root pouches higher up are progressively shorter. 
Often, however, the root pouches do not fill with 
contrast medium, in which case their orifices are 
indicated by small projections along the lateral edge 
of the thecal column (Fig. 197). 


THE PATHOLOGICAL MYELOGRAM 


Prolapse of a lumbar disk usually affects the 
thecal column or a root pouch. Occasionally, the 
myelogram may be normal. We have been able to 
correlate the myelographic appearances with the 
findings at operation, both as regards the level and 
the size of the prolapse, as well as the type of lesion, 


A. LEVEL AND SITE OF PROLAPSE 


Usually the myelographic abnormalities are 
situated opposite a disk space, thus indicating the 
level of the lesion. The site of the prolapse in 
relation to the theca and extrathecal nerve-roots may 
also be determined with accuracy. Disk prolapses 
may be divided into two groups, central and lateral, 
according to their location in the coronal plane. 
Central prolapses lie anterior to the theca, while 
lateral protrusions lie between them and the inter- 
vertebral foramen (Fig. 198). Lesions in either of 
these situations have their own characteristic appear- 
ances on myelography. 


Fic. 198.—Diagram illustrating sites of central and 
lateral prolapses. 


1. Central Prolapses.—The appearance caused 
by a central prolapse depends mainly upon the size 
of the prolapse, but it is also influenced by the 
arrangement of the cauda equina, and by the varia- 
tions in distance occurring between the theca and 
the intervertebral disks at different levels of the spine. 
If the prolapse is large enough, a complete block 
will result accompanied by Froin’s syndrome 
(Fig. 199). It is, however, exceptional for a block 
to remain permanent and absolute, for if the examina- 
tion is repeated a few hours later some of the 
contrast medium will be found to have passed the 
obstruction, although during screening it could not 
be persuaded to do so. 

Complete blocks are uncommon, for they occu! 
only with the largest prolapses. With medium 





MYELOGRAPHY 


sized. prolapses the usual finding is an hour-glass 
constriction of the thecal column, the width of the 
isthmus varying considerably, as is shown in Fig. 
200, A,B. In the past this ‘ hour-glass ’’ appearance 
has been ascribed either to hypertrophy of the 


A B 


FIG. 19y.—Large central prolapse of L.4 disk causing 
complete block, with contrast medium trapped caudal to it. 
Films taken with table tilted head dowi 60° below horizontal. 
A, Anteroposterior view showing serrations at edge of block 
due to nerve impressions; B, Lateral view, showing that 
cephalic end of column is displaced backwards by the prolapse. 

x Je) 


A 


FIG. 200.—Two examples of hour-glass constriction of the thecal column, showing variations in width of the isthmus : 


a narrow gutter. 
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over the prolapse, they hug closely the antero- 
lateral wall of the theca, leaving a gutter of varying 
width between them, through which the contrast 
medium flows (Fig. 201). Prone-lateral views of 
these ‘hour-glass’ constrictions have invariably 
disclosed an anterior invagination of the thecal 
column (Fig. 200, C) and operative exploration has 
later confirmed it. The ‘ gap’ appearance shown 


FiG. 201.—Diagrams showing how the ‘ hour-glass ’ appear- 
ance is produced. A, Cross-section opposite vertebral body 
shows undisturbed position of nerve-roots within contrast 
medium (pink wash). B, Cross-section at level of disk, showing 
contrast medium lying over summit of midline protrusion in 
gutter between bundles of nerve-roots. 


in Fig. 202 is only an early stage in the filling of the 
gutter, although it has been described by some 
authorities as a separate type (Soule, Gross, and 
Irving, 1945). On screening, the contrast medium, 
once it has reached the prolapse, can be seen to 
bank up and spill over it, and then lie on either side 
of it. When with further tilting of the table the 
pool deepens, an hour-glass appearance becomes 
evident. . 

A less common appearance with a medium-sized 
prolapse is a rounded zone of radiolucence lying 


Cc 
A, Shows 


B, Shows a wider gutter. Note the outlines of nerve-roots as they hug the anterolateral wall where stretched over 


the dome of the prolapse. C, Prone-lateral view of lesion depicted in A, showing the anterior invagination of the thecal column. (% 3.) 


ligamentum flavum (Hampton and Robinson, 1936 ; 
Camp, 1939) or to a bilateral or dumb-bell-shaped 
Prolapse (Soule, Gross, and Irving, 1945). We 
Cannot, however, confirm either of these explana- 
tons, for in our experience it is due to a smooth, 
dome-like protrusion, which invaginates the anterior 
wall of the theca in the midline and displaces the 
Components of the cauda equina into two bundles, 
one on either side. Where the two bundles pass 


within the thecal column and causing no deformity 
of its margins as seen in the anteroposterior view. 
This appearance, the ‘ veil’ effect of Soule, Gross, 
and Irving (1945), results when the components 
of the cauda equina lie discretely over the summit 
of the ridge, instead of in two large bundles. On 
screening, the advancing column can be seen to split 
and flow round either side of the projection, although 
later, as the pool deepens, the projection becomes 
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submerged and finally obscured (Fig. 203). 
man (1944) has made similar observations. 
In smaller-sized protrusions, and even in some 
of the larger protrusions at the fifth lumbar space, 


Cople- 


A B 


Fic. 202.—Illustrates two successive stages in the passage 
of contrast medium over a central prolapse. A, There is an 
apparent gap in the column; while in (B), the medium is seen 
flowing through the gutter over the summit of the prolapse. 


(x §.) 


Fic. 203.—An example of ‘ veil’ appearance due to a 
centrally-placed prolapse. A, The advancing column diverges 
on either side of the prolapse ; B, The prolapse is revealed by 
a central area of radiolucence. (x 3. 


the anteroposterior views may appear normal, and 
the anterior invagination of the theca be detected 
only in the prone-lateral projection. This is another 
reason why we feei that prone-lateral views should 
be taken as a routine. Normally, there is a slight 
indentation of the theca opposite each disk space, 
but these indentations are only of pathological 
significance when they exceed about 2mm. Another 
source of difficulty arises with centrally placed 
prolapses at the fifth lumbar disk, where, because 
the theca may here be separated from the inter- 
vertebral disk, a prolapse of given size may produce 
less indentation than a comparable prolapse at a 
higher level. This explains why the ‘ hour-glass ’ 
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appearance is seen much more often at the fourth 
lumbar space than at the fifth. The size of lj 
midline protrusions is best assessed in the prone- 
lateral view. 

2. Lateral Prolapses.—When a prolapse occurs 
in relation to an extrathecal nerve-root, the myelo- 
graphic appearance varies according to the distance 
the prolapse is situated from the mid-sagittal plane. 
Lesions situated anteromedially to the extrathecal 


A B 


Fic. 204.—Two examples of lateral prolapse indicated by a 
defect in the thecal column: A, The defect is large, indicating 
a large prolapse; B, The defect is small, but this does not 
necessarily mean the prolapse is small. (x 3.) 


nerve-root (see Fig. 198—L.1) give rise to a defect 
in the lateral border of the thecal column, while the 
corresponding root pouch usually fails to fill (Fig. 


Fic. 205.—Lateral prolapse indicated by absence of filling 
of S.1 root pouch opposite 5th disk on left side. (* 3.) 


204). The size of this defect varies and does not 
indicate accurately the size of the prolapse, as only 
its medial margin is outlined. A prone-lateral view 
sometimes reveals the size of the prolapse by 4 
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double shadow. If the prolapse is small it is best 
gen as the advancing column reaches the disk space 
or as the receding column leaves it, since it may be 
completely obscured by the main mass of the 
opaque column. 

Lesions situated anterior or slightly antero- 
lateral to the nerve-root (see Fig. 198—L.2) cause a 


Fic. 206.—Large prolapse situated far laterally at 5th 
lumbar space on right side, producing displacement of thecal 
column by its pressure on Ist sacral nerve-root. ( 3.) 


defect in the filling of the root pouch without 
disturbing the thecal column (Fig. 205). We have 
found that the deformity may be due either to direct 
pressure of the prolapse on the root pouch or to 
welling of the nerve-roots within the pouch 
proximal to the site of compression. 

When the prolapse is situated farther laterally 
(Fig. 198 —L.3) the myelogram may show a char- 
acteristic change or it may remain normal. If 
the lesion is a large one its presence may be 
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with a well-marked prolapse ; some of these latter 
prove to be examples of foraminal projections at the 
fifth lumbar disk remote from the theca and root 
pouches, but not always. 

Observations such as these have in the past 
brought discredit upon myelography. It has seldom 
been realized that the projection of a prolapse may 


Fic. 207.—Normal myelogram of a patient in whom a 
lateral projection was found at operation at the sth space on 
the left side. § 


(x §.) 

vary markedly according to the stresses which are 
being imposed on the affected disk. Dandy (1941), 
for instance, stressed that at operation the affected 
disk may scarcely bulge, and when palpated with 





shown by displacement of the nerve-root, and 
indirectly of the whole thecal column, towards 
the contralateral side (Fig. 206). If the myelo- 
gram remains normal in the presence of strongly 
suggestive clinical features, we have found that a 
prolapse is likely to be situated in the foraminal 
region at the fifth space (Fig. 207). 


B. TYPES OF PROLAPSE 


As mentioned earlier, we have subdivided 
our cases of prolapse into four groups, projec- 
lons, intermittent protrusions, extrusions, and 

















‘arred disks. This classification is based on 
operative appearances, which by means of myelo- 
graphy can sometimes be forecast. 

1. Projections.—The appearances which 
ave so far been described are those caused by 
Projections. 

2. Intermittent Prolapses.—All who have 
had wide experience of myelography know that, 
though the silhouette of a disk prolapse may have 
een demonstrated radiologically, the surgeon some- 
imes will be unable to see a projection when he 
a the disk at operation. Less frequently 
€ converse occurs, and the surgeon operating 
‘spite a normal myelogram confronts the radiologist 


Fic. 208.—Diagrams showing effect of ‘hyperextension * manceuvre 
as performed at operation. 
weakened disk, which is relaxed ; 
trudes backwards. 


A, There is no projection backwards of the 
B, With hyperextension the disk pro- 


the points of forceps it may indent and give a sense 
of fluctuation. Disk prolapses of this type he re- 
ferred to as ‘ concealed ’ disks, and he assumed that, 
as the degree of projection of these disks seemed so 
slight, they would not be disclosed by myelography. 

Few radiologists and surgeons appear to have 
realized that there is a great difference in the stresses 
and strains affecting the lumbar disks of a patient on 
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Fic. 209.—Myelograms showing large intermittent central prolapse at lumbosacral space revealed by ‘ hyperextension ’ manceuvre. 
A, B, Routine myelogram with patient relaxed shows no abnormality in anteroposterior or prone-lateral views; C, D, Myelogram 
during ‘ hyperextension’ manceuvre demonstrates the presence of a prolapse anteriorly, as well as the impression of a relaxed 
ligamentum flavum posteriorly. 

The postero-inferior outline of the sth lumbar vertebra is marked by a dotted line. ( 


@ D E 
Fic. 210.—Myelograms showing effects of various stresses in a patient with a small intermittent central prolapse at lumbosacral 
space. A, B, Routine myelograms show no abnormality. C, Powerful manual compression applied to feet and shoulders with patient 
prone produces negligible change. D, When patient stands erect bearing 60-lb. weight on head, a significant defect appears. E 
* Hyperextension ’ manceuvre with patient prone produces the most marked effect. 
The anteroposterior view was not affected by any of these procedures. (™ 3.) 
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the tilting fluoroscopic table compared with those 

t when he is on the operating table, and that 
these differences may account for some of the dis- 
qepancies which formerly seemed apparent between 
the myelographic and the operative findings. The 
patient on the operating table usually has all his 
voluntary muscular tensions lessened by anesthesia, 
while if he is placed horizontally with his hips and 
jumbar spine flexed, the interlaminar spaces and 
posterior margins of the disk spaces are stretched. 
Under these circumstances the strains involving the 
intervertebral disk are at their lowest, and conse- 
quently the affected disk may not bulge when 
exposed surgically. However, the pathological disk 
may be made to protrude by means of a simple 
manceeuvre, for if the operating table is broken 
so that the hips and lumbar spine are passively 
extended, the affected disk will usually bulge 
backwards (Fig. 208). 

It is disk protrusions of this type which we 
describe as ‘intermittent’. These are probably 
identical with the ‘ concealed’ disks referred to by 
Dandy (1941). Most cases of intermittent prolapse 
produce a positive defect on myelography, because 
the tensions resulting from muscular tone in the 
unanesthetized patient are usually sufficient to 
make the disk protrude. Occasionally, however, 
myelography when performed in the ordinary way 
fails to reveal an abnormality, but if the patient who 
is lying prone then raises his head and shoulders off 
the table without disturbing the position of the lower 
half of his body, the prolapse becomes manifest. 
This manceuvre is comparable to the one we perform 
at operation, and its effects are well illustrated in 
Figs. 209, 210. In both instances the myelograms 


FIG. 211.—Myelogram showing disk prolapse at both 4th 
and sth spaces. At 4th space central protrusion causing hour- 
glass constriction. At 5th space extrusion on right side dis- 
Placing S.1 root pouch laterally and thecal column medially. 

“A 3.) 


taken in the ordinary way appeared normal, whereas 
those taken after hyperextension outlined a central 


Prolapse of appreciable size. In Fig. 209 it may be 
ee that the anteroposterior as well as the prone- 
ateral views show defects, whereas in Fig. 210 the 
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defect was only seen in the prone-lateral projection. 
In Fig. 209 one may also note that not only did a 
midline disk prolapse reveal itself during the man- 
ceuvre, but also that an indentation appeared on the 
posterior aspect of the thecal column in the position 
of the ligamentum flavum. The _ considerable 
narrowing of the subarachnoid space between the 
two indentations, anterior and posterior, can be 
measured by the distance the opaque column has 
been forced upwards. The appearances also suggest 
how nerve-roots may be compressed between a disk 
prolapse in front and the ligamentum flavum behind. 

Both Eaglesham (1944) and Childe (1945) have 
published myelograms indicating that weight-bearing, 
too, may accentuate the size of a disk prolapse, as 
judged by the observation that the myelographic 
deformity may increase when the patient stands 
erect compared with when he lies prone. Knutsson 
(1942) and Childe (1945) also have noticed that 
extension of the spine tends to accentuate myelo- 
graphic deformities due to disk protrusions. We 
feel, however, that extension of the spine is the more 
potent factor, because in our experience it is easier 
to exaggerate a myelographic defect by this means 
than it is by weight-bearing (Fig. 210). Only a 
small proportion of prolapses are affected by either 
means, for often we have carried out our ‘ hyper- 
extension ’ manceuvre, and at other times have placed 
70-lb, weights on a patient’s head and shoulders, 
without appreciably affecting the size of the defects. 
We have even noticed that such procedures pro- 
duced no effect on the prolapse of a patient examined 
with 24 hours of the onset of his first attack of pain. 

It is too seldom realized that the strains imposed 
on the lumbar intervertebral disks vary greatly 
according to the posture and weight-bearing of the 


Fic. 212.—Myelogram showing orifice of L.5 root pouch 
on right side displaced slightly upwards, the result of an extru- 
sion from the L.5 space. (x 3.) 


patient, and that the size of a disk protrusion may 
alter with the stresses affecting the disk. 

3. Extrusions.—Extrusions may cause two 
characteristic myelographic appearances. They may 
displace root pouches instead of obliterating them, 
and they may cause defects in the thecal column at a 
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distance from the disk space. In Fig. 211, for 
instance, the first sacral root pouch is displaced 
outwards, while the second sacral root is deflected 
medially in its intrathecal course ; at operation in 
this case a large extrusion of nuclear material was 
found wedged in the angle between the first sacral 


FIG. 213.—Myelogram showing lateral defect of thecal 
column on left side extending up to L.4 pedicle, caused by an 
extrusion from the 4th disk. (x 3.) 


nerve-root and the theca. In Fig. 212 the orifice 
of the fifth lumbar pouch is elevated, and in this 
case an extrusion of the fifth lumbar disk had passed 
upwards alongside the theca to cause this deformity. 
In Fig. 213 there is a lateral defect of the theca at a 
level between two disk spaces ; this was due to an 


A : B 


FIG. 215.—Myelogram of scarred disk causing symptoms. 


Note narrowed disk space. A, Anteroposterior view showing 
slight hour-glass constriction. B, Prone-lateral view showing 
that indentation of theca is caused by bony outgrowths. 


(X 4%. 
extrusion of the fourth intervertebral disk which 
passed to become wedged between the theca medially 
and the fourth lumbar nerve and vertebral pedicle 
laterally. In Fig. 214 there is a wide-based defect 
extending from the fifth up to the fourth lumbar 
disk, associated with a displacement of the thecal 
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column towards the opposite side; this was dye 
to a large extrusion from the fifth disk. 

4. Scarred Disks.—When a disk prolapse ha 
been present for many years, secondary changa 


FIG. 214.—Myelogram showing wide-based defect extending 
from 5th up to 4th lumbar disk, caused by an extrusion from 
the sth disk. (x 3.) 


supervene. The disk space becomes narrowed, 
bony spurs develop at its margins, protruded nuclear 
material becomes absorbed, and the theca and the 
extrathecal nerve-root caught up by the scarring 
process becomes firmly adherent to the disk. Such 
a disk can usually be identified by scrutiny of 
the plain radiographs in conjunction with the myelo- 
grams. In the plain views the marked narrow- 


A 


Fic. 216.—Scarred disk not apparently causing symptoms. 
A, Anteroposterior view of myelogram, showing large defect 0 
thecal column. 8, Plain lateral view, showing bony projection 
which caused this defect. (x 4.) 


ing of the disk space, its sclerotic edges, and the 
osteophytic outgrowths are seen; while in the 
myelogram the prone-lateral views show that any 
indentation coincides exactly with the bony proje™ 
tions, and is not caused by a soft-tissue protrusion 
(Figs. 215, 216). Many scarred disks of this type do 
not cause symptoms. 
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Cc. INDIRECT EFFECTS OF DISK 
PROLAPSES 


1. Swollen Intrathecal Nerve-roots.—Often 
the affected nerve-root is swollen for a variable 
distance proximal to the site of compression. This 


may be revealed not only by an absence of filling of 


Fic. 217.—Myelogram showing multiple disk protrusions 
—4th space central, and sth space left lateral. The outline of 
the swollen S.1 nerve-root can be traced within the thecal 
column for a distance of 3 cm. above the sth space. At opera- 
tion this nerve-root was twice the normal calibre. (x 3.) 


the root pouch, but also by a band of radiolucence 
within the main thecal column which indicates the 
position of the swollen nerve-root (Figs. 217, 218). 
We have observed congestion and swelling of indi- 
vidual nerve-roots within the theca on a number of 
occasions, and each time have found it to be 
associated with compression of the nerve-root by a 


Fic. 219.—Block at 4th lumbar space due to leptomeningeal 
adhesions. Patient was in head-low position. Note serrated 
edge caudal to block. (A prone-lateral view showed serrations 
with no anterior indentation of theca at this level.) (x 4.) 


disk protrusion lower down. An analogous swelling 
of nerve-trunks proximal to the site of a compressing 
esion has been observed experimentally by Denny- 
Town and Brenner (1944). 

2. Arachnoiditis.—Leptomeningeal adhesions 
matting together the elements of the cauda equina 


IN LUMBAR DISK LESIONS 


153 


may develop occasionally at the level of a long- 
standing disk lesion, and produce an obstruction 
in the thecal column (Fig. 219). This ‘ block’, 
however, presents certain features by which it can 
be distinguished from a block produced by a midline 
extrathecal lesion on the one hand, and a large 
intrathecal tumour on the other. Thus in lateral 


FIG. 218.—Myelogram showing effects of left lateral prolapse 
at 5th space. Here the large intrathecal defect was produced 
by the left S.1 nerve-root, swollen to four times its normal size. 
Its medial border is indicated by arrows. (x 3.) 


views there is no invagination of the anterior thecal 
wall such as occurs with midline disk prolapses, 
while in anteroposterior views the outline of the 
obstruction appears as a serrated edge, in contrast 
to the smooth edge which typifies a cauda equina 
tumour. This serrated edge is produced by seepage 
of contrast medium between the neighbouring roots 
of the cauda equina matted together with adhesions. 
A similar appearance is seen with blocks due to extra- 
thecal compressions which crowd together the intra- 
thecal nerve-roots. 


D. MULTIPLE PROLAPSES 


Multiple disk protrusions were demonstrated 
myelographically in 17 per cent of our cases (Figs. 
2II, 217, 220). In two other instances a second 
lesion was found at operation which had not been 
detected on myelography. In one of these, however, 
a complete block was present at the fourth space, 
preventing an examination of the lumbosacral space, 
where the second lesion was situated. This advance 
information of the number of lesions present has 
often proved useful at operation, and has guided the 
surgeon to disk prolapses which otherwise might 
have been overlooked. Any of the types of prolapse 
described may occur in combination. This is 
readily understood, since ordinary degenerative 
processes are the primary cause of the condition, and 
these processes affect to varying degrees all the inter- 
vertebral disks. Many, if not most, disk protrusions 
in the lumbar region do not cause pressure symptoms 
and therefore at operation only those protrusions 
should be dealt with which can be correlated with 
the clinical features of the case. 
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Fic. 220.—Composite tracing showing lateral disk pro- 
trusions at 3rd, 4th, and 5th spaces. (x 4.) 


E. ‘HYPERTROPHIED’ LIGAMENTUM 
FLAVUM 


Our experiences in regard to this condition has 
been largely of a negative character, but in view 


of the diversity of opinion which has been expressed 
concerning the nature and significance of these 
lesions, some observations made during myelography 
will be recorded. In this series we have found no 
myelographic evidence of hypertrophy of the liga- 
mentum flavum in the lower lumbar region, nor 
did we establish its existence at operation. The 
myelographic appearances adduced by Towne and 
Reichert (1931), Hampton and Robinson (1936), 
and Brown (1938), as evidence of this condition were 
based upon anteroposterior views only, and show 
nothing which in our experience might not be 
caused by a disk lesion alone. Camp (1939; 1941) 
published prone-lateral as well as anteroposterior 
views of his myelogram, but the deformity which 
he believes to be characteristic of hypertrophy of 
the ligamentum flavum, is essentially similar to 
Fig. 209, C,D). Here a midline lesion of intermittent 
type was demonstrated at the lumbosacral space, 
although prone-lateral views revealed an indentation 
of the posterior aspect of the opaque column in 
addition to the anterior indentation due to the 
prolapse itself. This posterior defect, present only 
when the spine was extended, coincided with the 
position of the ligamentum flavum, which at opera- 
tion seemed to be of normal size and texture. In 
our view this appearance is due partly to the bulging 
of normal ligaments when they relax on extension 
of the spine (Knutsson, 1942). A second factor, 
both in our case and in the one illustrated by Camp 
(1939 ; 1941), is that the disk prolapse has pushed 
the theca, here relatively mobile, backwards until it 
comes into contact with and outlines these ligaments. 

These and other observations lead us to believe 
that true hypertrophy of the ligamentum flavum, 
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if it occurs at all, must be a rare cause of symptom, 
A prolapsed disk, however, may displace nerve-roots 
backwards to compress them against normal ligo. 
ments. 


F. ARTEFACTS 


Unless care is taken with the injection of cop. 
trast medium, curious and misleading appearance; 
may occur which may render the myelogram 
worthless. These appearances are due to the pre. 
ence of cerebrospinal fluid or of contrast medium 
outside the subarachnoid space, and may be caused 
either by faulty injection or by subsequent leakage, 
Leakage of cerebrospinal fluid through a puncture 
in the arachnoid gives rise to two types of artefact, 
If a large amount of fluid escapes into the subdural 
space, the subarachnoid space is compressed around 
the cauda equina and the opaque oil within it 
appears as a long thin column (Fig. 221). If only 
a small amount escapes, localized and _ irregular 
filling defects are produced in the thecal column (Fig, 
222). Eaglesham (1944) has illustrated the mechan- 
ism of these subdural leaks of cerebrospinal fluid. 


Fic. 221.—Attentuated thecal column due to generalized 
leakage of cerebrospinal fluid into subdural space. ( 3.) 


If contrast medium leaks into the subdural space, 
it may remain in a mass, which on screening may be 
seen to move sluggishly along the spinal canal 4 
the table is tilted, while any medium in the sub- 
arachnoid space rapidly overtakes and passes !t 
(Fig. 223). If medium escapes into the extradural 
tissues it may pass along the track of the lumbar- 
puncture needle (Fig. 224). It may also seep along 
the epidural spaces, producing the startling appeal 
ance of Fig. 225. 

Artefacts of minor degree may not vitiate the 
examination, but when they are gross myelography 
becomes impossible. In our series most artefacts 
occurred at a period when several persons employing 
varying technique were carrying out the injection. 
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4s a consequence we learnt that several precautions 
must be observed :— 

g. Lumbar puncture should be performed with 
the patient lying horizontal. If the patient is in the 


Fic. 222.—Effect of localized collection of cerebrospinal 
fluid in subdural space producing compression of subarachnoid 
space. The lateral view eliminated the presence of a disk 
lesion. At operation the nerve-roots appeared normal and 
there was no arachnoiditis. (x 3.) 


FIG. 223.—A localized collection of contrast medium in subdural space. The 


rest of the medium is in the subarachnoid space. ( 3.) 


sitting position, the augmented pressure of the 
cerebrospinal fluid in the lumbar sac favours leakage 
into the subdural and extradural spaces. 

b. The injection should not be made within 


‘everal days of a previous spinal puncture. On 
occasions when myelography is repeated we have a 
gradual loss of medium from the subarachnoid into 
the subdural space, indicating that there has been a 
Perforation in the arachnoid which has remained 
open for some days. As a result of these and other 
observations we believe that leakage of cerebrospinal 
ud through puncture holes in the theca often 
occurs following lumbar puncture, and incidently 
s the fundamental cause of post-puncture headache. 
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c. When introducing the contrast medium it is 
important that a lumbar-puncture needle of fine 
calibre be used, and that the dura and arachnoid be 
pierced once only. 


FIG. 224.—Escape of contrast medium into epidural space 
and along lumbar-puncture needle track. (x 3.) 


FIG. 225.—Permeation of contrast medium 
throughout epidural spaces. (x 4.) 


d. The examination should be made soon after 
the injection, the patient meanwhile remaining 
horizontal. 

When these simple precautions were observed, 
we found that artefacts were eliminated, and have 
since performed myelography in more than a 
hundred cases without encountering them. 


DISCUSSION 


Myelography can only become established as a 
routine procedure in the investigation of lumbar 
intervertebral disk lesions if it can be shown to be 
innocuous, to afford a reasonably accurate method 
of localizing lesions, and to give helpful information 
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which otherwise would not be available to the 
surgeon planning operation. We believe that myelo- 
graphy satisfies these requirements. 

First Requirement : The Safety of the Pro- 
cedure.—In none of our cases were any untoward 
effects seen which could be attributed to myelo- 
graphy. Strong objection has been raised to this 
procedure in that it involves the introduction into 
the subarachnoid space of a foreign substance, which 
may persist for a long time, if not indefinitely. Some 
authorities indeed have reported undesirable reac- 
tions, but we have not observed these. The reason 
may be that we employed only contrast media of 
established excellence (pantopaque and _lipiodol 
Lafay), and if these.were not available, we avoided 
the procedure rather than use substitutes of the harm- 
lessness of which we were uncertain. Pantopaque 
we found to be slowly absorbed at a rate of two-thirds 
of its volume in a year. Lipiodol, however, is not 
absorbed. Until other and better substances become 
available, we feel reasonably safe in continuing to 
employ either pantopaque or lipiodol Lafay. 

Second Requirement: The Accuracy of 
Procedure.—The second requirement concerns the 
accuracy of myelography in establishing the presence 
of a lesion. We feel that with experience the level 
and site of a prolapse can be deduced correctly ; 
also the presence of multiple prolapses can be deter- 
mined and sometimes the pathological type of the 
lesion forecast. 

In order to study the value of myelography 
statistically we analysed our observations in the 86 
cases out of our series which had technically satis- 
Those cases were excluded 


factory myelograms. 
in which the myelograms were worthless because of 
artefacts caused by a faulty technique or in which 
myelography was not performed because of temporary 


shortages of suitable contrast media. Of these 
86 cases, 76 (88 per cent) showed myelographic 
appearances which were interpreted as pathological, 
while 10 (12 per cent) were considered normal. In 
all except I case one or more disk lesions were 
subsequently established at operation. 

In the 76 cases in which the myelograms showed 
an abnormality, the anticipated lesion was subse- 
quently found at operation in all but 2 instances. 
In the first of these two cases which proved excep- 
tions, the myelogram had suggested that prolapses 
were present at each of the lower three lumbar 
spaces, one being of gross proportions and the other 
two only slight. At operation only the gross lesion 
was demonstrated, while the other two disks seemed 
normal. The operative exposure, however, was 
restricted to a peep-hole interlaminar approach at 
each space, and subsequently the patient, although 
improved, still had persistent though not troublesome 
backache. In the second case, one of intractable 
low back pain without sciatica, a central disk pro- 
lapse was indicated by myelography, but the disk 
when exposed through an interlaminar approach 
seemed normal. This was the only negative surgical 
exploration in our series, but as the patient was not 
benefited, it is possible here also that a disk lesion 
was overlooked at operation. 

Thus when the myelogram is positive the 
presence and level of a disk protrusion are indicated 
with almost complete accuracy (74 out of 76 cases, 
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or 98 per cent). In the 74 cases which were syb. 
sequently confirmed at operation, a prolapse wa 
demonstrated myelographically at the fourth lumba 
space in 46 cases and at the fifth space in 43 cases 
In 14 multiple protrusions were disclosed, including 
3 at the third lumbar space. Moreover, in nearly alj 
these cases there was a high correlation between the 
site of the prolapse in relation to the theca and nerve. 
roots, as suggested by myelography, and that estab. 
lished at operation. The type of prolapse, however, 
could only be foretold approximately, but this inform. 
ation is rather a refinement of diagnosis, for the more 
fundamental information concerns level and site. 

In each of the Io cases in which the myelograms 
were negative a disk lesion was shown to be present 
at operation. Two cases of this group, however, 
were instances of multiple protrusions, in which 
only the larger lesion had been revealed radiologically 
(in one the major lesion caused a complete block 
which precluded examination of some of the lumbar 
spaces), while in a third case with an intermittent 
type of prolapse at the lumbosacral space a slight 
but definite degree of spondylolisthesis was present 
which may also have been responsible for symptoms, 
This reduces the number of negative myelograms to 
7, and of these, 2 were examples of disk projection 
situated far laterally at the fifth lumbar space, while 
5 were examples of intermittent prolapses. The 
2 disk projections presumably did not affect the 
myelograms because they compressed the first 
sacral nerve-roots at points below the level of filling 
of the root pouches, and in this connexion the obser- 
vation of Arbuckle, Shelden, and Pudenz (1945) 
that, if the thecal column is narrow, it may not be 
affected by a lateral protrusion, is also relevant. 
The 5 examples of intermittent prolapse (3 at the 
fifth space and 2 at the fourth) may possibly have 
been overlooked, because in none of them did we 
carry out the hyperextension manceuvre on the 
X-ray table, as we did not discover it until a later 
stage. Had we explored it earlier we might have 
had fewer normal myelograms. It must be remem- 
bered, of course, that most cases of intermittent 
prolapse produce filling defects on myelography 
similar to disk projections. 

Thus in 12 per cent of cases in our series the 
myelograms were normal although disk lesions wert 
present. It is possible that some lesions were 
missed through inexperience, but the fact remains 
that a negative myelogram does not exclude a disk 
lesion. On the other hand, a positive myelogram 
will demonstrate a disk lesion with great accuracy; 
not only as regards its level, but also as regards 1ts 
site in relation to the theca and the nerve-roots. 

Third Requirement : Useful Information.— 
The third question to consider is whether myelo- 
graphy affords useful information which cannot 
otherwise be obtained before operation. We have 
just shown how the procedure indicates with reason 
able accuracy the level of the pathological disk, and 
so enables the surgeon to expose and explore it with 
the minimum of delay and trauma. In one of ou! 
cases, which had been explored elsewhere without 
benefit, the myelogram showed that the wrong dis 
had been exposed, and that the offending disk had 
not been disturbed. Preliminary myelography 
would probably have prevented this unfortunat 
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error. Similarly it discloses the presence of multiple 
prolapses, which in our series occurred in the lower 
jumbar region in 17 per cent. 

A most useful piece of information is whether a 
disk prolapse is centrally or laterally placed. In our 
series approximately a third of the prolapses were 
centrally placed while two-thirds were laterally 
placed. We learnt from bitter experience that with 
a.central prolapse it is often impossible to remove 
satisfactorily all the degenerated disk tissue from 
only one side of the theca, and that it is then necessary 
to expose and curette the affected disk from the 
opposite side as well. In the early stages of our 
work several of our patients after operation still had 
symptoms, such as severe backache or severe pain 
down the opposite leg. These were mostly examples 
of central prolapse where a unilateral procedure 
had been carried out. When at a second operation 
we came to explore the affected disk from the other 
side, we were often surprised to find a large amount 
of degenerated disk material still present in the disk 
space, and the removal of this usually relieved the 
symptoms. Consequently we now explore these 
central prolapses from both sides of the theca, and 
the knowledge which myelography affords of the situ- 
ation of the lesion thus helps in planning operation. 

Another advantage of myelography is that it 
assists in distinguishing tumours of the cauda equina 
which may be simulating disk lesions. We have 
met with only one example, an extrathecal hydatid 
cyst at the lumbosacral region which was causing 
sciatica. Love (1944), however, reports that at the 
Mayo Clinic, during a period when 100 consecutive 
patients underwent operation for protruded inter- 
vertebral disks, 8 cases of spinal tumour producing 
a ‘disk syndrome’ were encountered, and that a 
correct diagnosis was made pre-operatively in these 
cases largely because spinal puncture and contrast 
myelography were undertaken before operation. 

In the absence of myelography a surgeon should 
expose both lower lumbar intervertebral disks from 
both sides of the theca if he is to avoid overlooking 
a lesion or dealing with one incompletely. We 
followed this practice when the myelograms were 
normal or were obscured by artefacts, but it is not 
agood policy to follow as a routine, because it means 
that frequently an unnecessary amount of surgical 
trauma is inflicted upon the vertebral column. 
To expose a disk adequately so that one can be 
certain it is normal, often requires the removal of 
the spine and lamina, for the exposure which is 
gained by an interlaminar approach is too restricted 
for the proper visualization of many central pro- 
lapses. Again, if a tumour is present the exposure 
has to be even wider. Knowledge beforehand of 
what he can reasonably expect to find at operation 
usually enables the surgeon to deal with a lesion 
with the minimum of trauma and delay. 


CONCLUSIONS 


For these many reasons we believe that myelo- 
graphy is worthwhile as a routine diagnostic 
Procedure in lumbar intervertebral disc lesions. 
UIs, however, important to realize that a myelo- 
graphic defect indicating a disk lesion is not of 
itself sufficient justification for surgical intervention, 
ot a disk protrusion may be symptomless. Thus 
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we have examined the lumbosacral theca in cases in 
which myelography was being performed for the diag- 
nosis of a lesion in the cervical and lumbar regions, 
and occasionally we have found evidence of a lumbar 
protrusion without associated symptoms. Again, 
in cases of sciatica which have resolved spontaneously, 
we have found that if myelography be repeated the 
defect indicating a disk lesion may persist long after 
all symptoms have subsided. 

Myelography, therefore, should never displace 
clinical methods of investigation as the basis of 
diagnosis of intervertebral disk lesions. It serves, 
however, to confirm and amplify the clinical findings. 
We believe that myelography should play as import- 
ant a role in the routine investigation of these lesions 
as does a barium meal in gastric disorders. We 
have been impressed by the fact that frequently 
myelography adds details to the pre-operative 
picture which subsequently are of assistance in 
treatment. Although media even more suitable 
than pantopaque will be introduced in the future, 
it seems unlikely that the principles underlying 
myelography will change. 


We wish to thank Dr. William Sowerby, Chief 
of the Department of Diagnostic Radiology, and 
Mr. J. R. White, Chief of the Orthopedic Depart- 
ment at the Dunedin Hospital, for help and encour- 
agement in this investigation, and those physicians 
and surgeons who have referred their patients to us. 
Also Miss V. Tregonning and the Staff of the 
Radiological Department for technical assistance. 

We are indebted to the Medical Research Council 
of New Zealand for defraying the expenses of 
publication of this paper. 
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A CONCEPT OF PARALYTIC ILEUS: A CLINICAL STUDY 
By JOHN DEVINE, MELBOURNE 
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“* Oft the teeming earth is with a kind of colic pinch’d and vexed by the imprisonment 
of unruly wind within.”—Shakespeare, HENRY IV, Part 1. 


I 
INTRODUCTION 


A gastro-intestinal complex—distension, gas pains, 
constipation—commonly follows many operations on 
the abdomen and sometimes operations in other parts 
of the body. As a rule, it is a temporary disturbance 
of intestinal motor function, but it may merge into 
a serious condition in which the patient is greatly 
distended, is vomiting continuously, and is com- 
pletely constipated ; that is, it may merge into a 
condition which is known as paralytic ileus.* 

For the purposes of this study, ‘ paralytic ileus ” 
is used to indicate all conditions characterized by 
distension, constipation, vomiting, and lack of 
bowel movements. 

The present article is a study of this gastro- 
intestinal complex undertaken to see whether it 
might be prevented by any change in routine pre- 
and post-operative treatment, and it is also a study 
of the treatment of developed paralytic ileus. 

From this literary, clinical, and experimental 
study it is hoped to establish these main points :— 

1. That ‘true’ or idiopathic paralytic ileus is 
rare ; 

2. That many cases which are regarded as ‘ true’ 
or idiopathic post-operative paralytic ileus are caused 
by intra-abdominal infection of some sort ; 

3. That there are three definite stages of ileus :— 
an early, a middle, and a late—paralytic—ileus ; 

4. That intestinal movements are present in the 
early stages of the ileus, but in the late stage they 
are absent ; 

5. That a regimen of treatment based on each 
stage should be laid down. 


MATERIAL STUDIED 


The study was approached from several different 
angles after available recent literature had been 
studied. 

1. The records and histories over a period of six 
years of 43 consecutive intestinal intubations with 
the Miller-Abbott tube, and a number of cases seen 
in consultation, but which had not required intuba- 
tion, were examined and analysed. 

2. Observations on intestinal movements, and the 
return of intestinal movements after ileus, with 
recording apparatus connected to the balloon of the 
Miller-Abbott tube were made, with and without the 
use of drugs. At first a recording tambour was used 
to record the movements on smoked paper fastened 
around a pie-dish mounted on an electric clock which 
revolved once in twelve hours. However, as most 





* Tleus is defined vaguely as ‘a kind of colic’, and 
‘iliac passion’ as intestinal colic. Thus the word has 
wandered far from its original or earlier meaning, for a 
‘ paralytic colic’ seems a contradiction. 


of the patients were desperately ill and required 
considerable nursing attention, many of the records 
were brushed off by the nursing staff. Then a 
commercial clock-face ink-recording barometric type 
of pressure recorder was used, and, with the pointer 
loaded, was found to be satisfactory and “ nurse 
proof”. Most of the records included are from this 
apparatus, in an effort to demonstrate instrumentally 
what was observed clinically. Difficulties of record- 
ing in these sick patients were added to by the fact 
that coughing, vomiting, straining, etc., and all 
attempted movements caused sudden changes of 
intra-abdominal pressure which were recorded as 
**spikes ”’? on the slowly-moving drum, and in 
Fig. 229, a, the effects of these factors on the records 
is shown. 

3. In two patients who had ileostomies, records 
were made from balloons placed in the ileostomies. 

4. X-ray studies were made of the effect of some 
drugs on bowel motility in normal subjects. 

5. Auscultation of the abdomen was made on all 
cases seen, and also on a number of cases in the 
immediate post-operative phase following appendi- 
cectomy and other abdominal operations, the return 
of movements being particularly noted. 

6. Observations were made on a number of 
patients in whom. gross soiling of the peritoneal 
cavity had caused paralytic ileus, and in whom 
morphine was given prophylactically. 

7. The effect on bowel movement of heat on the 
abdomen and turpentine stupes, and of some of the 
commonly used drugs, was also studied. 

8. In two patients with ileostomies and a separate 
** defunctioned ”’ colon, the effect of colonic irrigation 
on small bowel movement was observed. 

9. In two patients in whom the Miller-Abbott 
tube had been introduced through a jejunostomy, the 
effect of gastric distension on small-bowel motility 
was observed. 


CAUSES OF ILEUS—AND OF 
PARALYTIC ILEUS 


A table of the causes of ileus has been put forward 
by Ochsner and Gage (see Appendix). The classi- 
fication of the causes of paralytic ileus, however; 
is perhaps more appropriately set out under the 
three following headings: (1) ‘ True’ or idiopathic 
paralytic ileus; (2) Paralytic ileus arising from 
medical diseases; (3) Paralytic ileus the result 0 
surgical operations. 


1. ‘TRUE’ OR IDIOPATHIC 
PARALYTIC ILEUS 
Idiopathic or paralytic ileus of unknown cause 
may be due to over-action of the sympathetic 
nervous system, and thus it may arise (a) as a result 
of stimulation, or (b) following reflex inhibition. 
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a. As a Result of Stimulation.—This is 
probably the cause of the frequent development of 
paralytic ileus in cases of retroperitoneal hematomata 
(Karabin, 1942). This origin is exemplified in the 
following case :— 


Example 1.—A male, aged about 30 years, was hit by a 
car and suffered a fracture of the pelvis. When admitted 
he was very shocked and was given intravenous serum. 
Catheterization showed that there was blood in his 
urethra, but the catheter passed into his bladder. On 
the third day he became greatly distended and there was 
no result from a rectal tube, pituitrin, or enemas. He 
vomited copious quantities of brownish fluid. A Miller- 
Abbott tube was passed and from the various tests (John 
Devine, 1945) it appeared to be beyond the pylorus. 
However, he became completely irrational and pulled it 
out. The tube was put back several times in the night, 
but the next morning he died. Post-mortem examina- 
tion showed a retroperitoneal hematoma and enormous 
distension of the small and large bowel with clear 
intraperitoneal fluid. There were no evidences of peri- 
tonitis. 


b. Idiopathic Paralytic Ileus caused as a 
Result of Reflex Inhibition of Gut Movement. 
—This probably occurs through the sympathetic 
system. The reflex may arise from a slight blow 
on the abdomen, peritoneal irritation, an abscess, 
acute appendicitis, or even from just the opening of 
the abdomen. 

In this type of paralytic ileus it has been the 
experience of the author that a spinal anesthetic 
initiates peristalsis—at any rate temporarily—and 
that it is not inhibited during the subsequent 
operation. 

In addition to the types above described, there 
is, also, following all abdominal operations, a reflex 
inhibition of intestinal movements. Abdominal 
auscultations carried out by the author, after opera- 
tions of a routine type, showed that the first sound 
to be heard in the abdomen occurred between three 
and eight hours following the operation ; in other 
words, there was a temporary phase of ileus. Moir 
(1943) points out that opening of the abdomen 
itself produces a period of an “active” phase of 
ileus. This has been confirmed by others. Davis 
and Hansen (1945) gave barium to patients before 
operations for appendicectomy performed under 
spinal anesthesia. They showed that following the 
operation there was a definite decrease in intestinal 
movements and a delay in emptying the stomach. 
Wakim and Mann (1943) found that ether anesthesia 
and exploratory laparotomy stopped alimentary tract 
movement for at least four hours. Ether anesthesia 
and an operation for bowel anastomosis caused 
cessation of intestinal movement (i.e., ileus) for at 
least twenty-four hours ; it was seventy-two hours 
before weak peristaltic waves were recorded; but 
after the fifth day no detectable differences could 
be seen between records of intestinal activities made 
Prior to operation. Even then, however, there was 
still some inhibition of intestinal movement in the 
sectioned loop. 

The time of recovery from this post-operative 
Period of active ileus varies greatly, depending on 
the operative procedure, the anesthetic among other 
factors. Observations by the author suggest that 
Tecovery from this ‘ active ’ ileus closely corresponds 
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to the recovery from ‘ paralytic’ ileus, and for this 
reason deserves careful study. 

It is probable that a continuation of this very 
variable period of ‘ active’ ileus, enhanced by either 
a mild unnoticed post-operative infection, or non- 
physiological treatment, may, in a number of cases, 
be the origin of complete post-operative paralytic 
ileus. 

A post-operative ileus is frequently found associ- 
ated with a post-operative difficulty in voiding urine. 
Observations of the author show that urinary reten- 
tion and post-operative ileus tend to occur in the 
same type of patient—i.e., one who may have a 
hyperactive ‘sympathetic’ system. The following 
case illustrates such an association :— 


Example 2.—Seven days after an operation for a left 
inguinal hernia, a man aged 45, who had had to be 
repeatedly catheterized, became distended. He began 
to vomit feculent material and had hiccup and a dry 
brown tongue. A Miller-Abbott tube was passed, and 
in the first twenty-four hours 38 oz. of feeculent fluid 
and a great deal of gas were withdrawn, relieving his 
distension. Even then he still had some difficulty with 
micturition, but his convalescence was uneventful. 

In this case when the tube was 3 ft. past the pylorus 
peristalsis was very slight, but following one pint of 
serum intravenously peristalsis became much more 
marked and frequent and the tube drained much greater 
quantities of material and air. 


A full bladder or inflammation or stimulation 
due to other causes of the kidneys or bladder may 
cause inhibition of movement of the ileum and 
increase of gas in the intestine. (Allen and Jamison, 
1940; Sviér and Mann, 1943.) 

The following case illustrates the immediate 
cessation of bowel movements resulting from placing 
gauze packs in the abdomen. 


Example 3.—A woman of 25 years had a Gilliam 
suspension of the uterus performed. Following opera- 
tion, intraperitoneal bleeding occurred, and two days later 
the abdomen was reopened but no bleeding point was 
found. The pelvis was packed with gauze and the patient 
transfused. When seen some six hours later she had 
become markedly distended. A tube was substituted for 
the packing and the distension became noticeably less. 
As auscultation revealed no borborygmi a Miller-Abbott 
tube was passed. She was much improved for a week. 
Then she developed fever, rigidity, slight jaundice, and 
again distension. Infection of the intraperitoneal blood 
was assumed, and again the Miller-Abbott tube was 
passed and chemotherapy commenced. She recovered 
from this phase, but on the fourteenth day began to get 
definite intestinal colic, and a mechanical obstruction 
of the small bowel was correctly diagnosed. Before the 
operation a Miller-Abbott tube was introduced through 
a jejunostomy, and when the distension had thus been 
relieved the abdomen was opened and multiple dense 
adhesions were encountered. Division of these and 
ileostomy were performed. She died two days later from 
pneumonia. 


Cathartics have an effect on the movements 
of the small bowel. Alvarez (1918) has shown that 
following purgation there is a period of intestinal 
atony and immobility. If, in pre-operative prepara- 
tion, this period is allowed to coincide with an 
intestinal operation, the depression of bowel motility 
and therefore the post-operative ileus is increased. 
It is possible that fewer cases of post-operative 
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paralytic ileus occur now because routine purgative 
pre-operative preparation is not carried out. 

A paralytic ileus, possibly of idiopathic type, 
may occasionally follow the most trivial injuries 
or procedures, and it is impossible to say whether 
it is nervous in origin. For example :— 


Example 4.—A middle-aged woman with a long history 
of hysteria and neurosis had a minor orthopedic pro- 
cedure performed on her foot. Ten days later she 
gradually developed abdominal distension and occasionally 
vomited. The abdomen became silent. Pituitrin and 
enemas failed to relieve the distension, so a Miller-Abbott 
tube was passed and gas and fluid evacuated. It was 
removed after several days, and though she sometimes 
had a return of the distension, all investigations (including 
barium meal and enema) were negative. She has remained 
reasonably well for the last six months. 


The author has seen paralytic ileus follow the 
application of a plaster hip spica for a compound 
fracture of the femur due to a bullet wound. 

It is usual in all cases of paralytic ileus of the 
‘ idiopathic’ or ‘ peritonitic’ type that the disten- 
sion is relieved by the Miller-Abbott tube and 
recommencement of bowel movements carry down 
the tube. This removal of distension results in the 
return of local bowel movement. This is agreed by 
all observers and has been verified personally. A 
logical inference from this is that in some cases 
the distension may be at least the initial cause of 
the lack of motility and not, as is usually stated, that 
bowel paralysis is secondary to the distension, 
though, of course, the balloon on the tube is a 
powerful stimulus to bowel contraction. This 
fundamental conception does not explain cases of 
post-operative ‘active’ ileus where there may be 
no distension and no movement. It does, however, 
seem probable by analogy, as overstretching of other 
involuntary muscular mechanisms such as in the 
bladder and sphincter ani is followed by a temporary 
or partial paralysis of bladder or sphincter. Another 
example is the improvement in the heart’s action 
if it is dilated by venesection. 

If this reasoning is true, then the key to the 
prevention of post-operative ileus is the prevention 
of post-operative distension. 

Paralytic ileus may occasionally be due to hypo- 
proteinemia, as when the serum protein concentra- 
tion is low the motility of the bowel is also con- 
siderably lowered, possibly due to bowel cedema. 
After serum transfusion the motility increases. 
(Leigh, 1942; Barden, Thompson, Ravdin, and 
Frank, 1938; and Devine, 1938.) 


z. PARALYTIC ILEUS CAUSED BY 
MEDICAL DISEASES 


A paralytic ileus can be brought about by any 
form of general infection or general toxemia. It 
also occurs in uremia, the late stages of pneumonia, 
and in the terminal stages of other medical diseases, 
e.g., it may be the terminal stage of a case of liver 
failure, as in the following case :— 


Example 5.—An elderly man had an operation for the 
removal of stones from the common bile-duct. He 
had been continually jaundiced for one and a half years 
and intermittently for fifteen years. After the operation 
he developed liver failure, became distended, and had no 
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bowel movements. Distension was removed by the 
passage of a Miller-Abbott tube, but he died in delirium 
a week later. 


3. PARALYTIC ILEUS CAUSED BY 
SURGICAL DISEASES 


It may be the result of :— 

1. Intestinal obstruction, mechanical or other- 
wise, because long-continued distension leads to 
bowel paralysis. 

2. Paralysis of the bowel from the presence in 
the peritoneal cavity of pus, urine, blood, bile, 
gastric, duodenal, or intestinal contents. 

In some cases in the series studied, one loop of 
the intestine was bathed by pus in the pelvis and 
produced intestinal obstruction from the local 
paralysed segment of bowel which, after some time, 
caused paralysis as a result of ascending distension of 
the remaining intestine. This was found to be a more 
common type of ‘ paralytic ileus ’ than the so-called 
‘idiopathic’ type, and complete recovery followed 
drainage of the usual cause, viz., a pelvic abscess, 
In the early stages of these cases borborygmi were 
increased above, but in the late stages the abdomen 
was silent. A paralysed loop of intestine was causing 
obstruction. 

The following case histories illustrate conditions 
of ileus which were apparently infective in origin. 
One also illustrates the fact that the establishment 
of a condition of ileus followed stimulative treat- 
ment :— 


Example 6.—A middle-aged married woman had hada 
hysterectomy five days before I saw her. At the opera- 
tion it had been found that she had an infected polypus 
in the cervix and this was closed over with difficulty. 
She had a slight rise in temperature after her operation 
and began to get distended on the third day. She was 
given pituitrin with only a small result, but with relief 
of the distension. She again became distended, and 
again was given pituitrin with the same result. Each 
time she became a little more distended after the pituitrin. 
By the fifth day she was very distended, and had a 
resonant abdomen. She had great difficulty in breathing 
and looked very ill. She had been having intravenous 
fluid, but no serum. 

On examination she still had many borborygmi, and 
it was concluded from the history and physical signs that 
she probably had some loops of small bowel lying in an 
infected area in the pelvis. A Miller-Abbott tube was 
passed and 240 oz. of fluid was withdrawn in twenty-four 
hours. Distension was thus relieved and serum was 
given at the same time ; her general condition improved. 
The following day a posterior colpotomy allowed pus to 
be drained from the pouch of Douglas. Following this, 
her convalescence was uneventful except for pneumonia, 
which was treated with penicillin. 

While the tube was in position, a recording apparatus 
was connected to the balloon lumen and it was foun 
that penicillin had no effect on bowel movement, but 
barbiturates considerably lessened them, and no effect 
could be observed with 4 gr. of morphine. 


Example 7.—A woman, 30 years of age, had had a mis- 
carriage many years before, and following this had been 
unable to have children. A salpingostomy was_done, 
much against the wish of the gynecologist who performed 
the operation, but the patient insisted on taking the risk 
of opening up the old infected tissue. Following the 
operation she had fever varying between 99-4° and 10072 » 
and during the first two days vomited gastric contents. 
On the third day she began to vomit intestinal contents. 
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When I saw her on the fifth day she was vomiting dark- 
brown feeculent material in large quantities. She was 
distended and on auscultation her abdomen was silent. 
She looked very ill. Per vaginam she had tenderness 
over the uterus, but no mass was palpable. The condi- 
tion was diagnosed as one of infection of a loop of bowel 
in the pelvis which had caused complete paralytic ileus. 
A Miller-Abbott tube was passed with relief of the dis- 
tension, and at the same time sulphonamides and penicillin 
were commenced. After forty-eight hours the balloon 
of the tube was deflated and the tube withdrawn to the 
2-ft. mark. She again became distended and again 
the balloon was inflated and allowed to pass through the 
intestine. Five days after the first intubation, that is, 
ten days after operation, she commenced to have frequent 
loose bowel action. Convalescence from then on was 
uneventful. 


Example 8.—A middle-aged woman with a placenta 
previa had had a lower segment Cesarean section done 
six days before being seen. After this she became 
distended and streptococci were cultured from the vaginal 
discharge. She had a high temperature from the third 
to the sixth day and penicillin had made no difference to 
her condition. When first seen she was very distended, 
slightly jaundiced, with a pulse of 130, and was hiccuping 
and apathetic in appearance. There were no sounds 
to be heard at all in the abdominal cavity. The 
serum protein was 5-7. She was given three litres of serum 
and a Miller-Abbott tube was passed. This drew off 
180 oz. of fluid in the first sixteen hours. Her condition 
improved rapidly and the convalescence was uneventful. 


Example 9.—A woman about 55 years of age had had 
an operation for bilateral malignant ovarian cysts five 
days before being seen. Following the operation she had 
a steep rise in temperature and on the third day com- 
menced to have distension and vomiting. By the seventh 
day she was very distended, had difficulty in breathing, 
and was slightly cyanotic in colour. The serum protein 
was 6:4. On auscultation of the abdomen many gurgling 
sounds were heard high up, but the hypogastrium was 
silent. It was concluded that she had a pelvic peritonitis 
with some loops of small bowel in it, and she was given 
two litres of serum and a Miller-Abbott tube was passed. 
Penicillin and sulphonamides were also given. In the 
first twelve hours 40 oz. of fluid and a large amount of 
gas were aspirated by the tube and her distension dis- 
appeared by next morning; her bowels commenced to 
act the next day. Convalescence was uneventful. 


Here is an example of ileus due to general 
peritonitis :— 


Example 10.—An elderly man who had had an excision 
of a diverticulosis with five sinuses, had an obvious 
peritonitis for which chemotherapy and intubation were 
employed, but despite the fact that the distension was 
telieved and sounds were again heard in a previously 
gh abdomen, death occurred on the tenth post-opera- 
tive day. 


The following case also illustrates ileus from 
peritonitis, and the fact that wash-outs through an 
ileostomy, while increasing bowel movements, may 
actually increase distension when given at the wrong 

Stage > of bowel movements. 


Example 11.—A middle-aged man who had had a carci- 
noma of the ascending colon developed a leak from the 


Suture line of the ileum to the transverse colon. The 
abdomen was opened and the leaking area exteriorized 
and ileostomy done. A Miller-Abbott tube was then 
Passed to relieve his distension, and, though it was 
Successful in this, he developed auricular fibrillation the 
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next day, became irrational, and finally died. It was 
noticed in this case that wash-outs through the ileostomy 
markedly increased his distension. 


THE PATHOLOGICAL PHYSIOLOGY AND 
THE PATHOLOGY OF PARALYTIC ILEUS 


Some idea of the frequency of paralytic ileus as 
a cause of death may be gathered from the fact that 
from the Royal Adelaide Hospital 10 cases were 
found in 1000 post-mortem examinations. (1944, 
Med. sci. Arch. Adelaide Hosp.) 

At post-mortem examination all that is found 
in a case of ‘ true’ paralytic ileus is some thin intra- 
peritoneal fluid and a large mass of distended small 
bowel filled mainly with gas, and the length of the 
intestines is markedly diminished. 

In paralytic ileus the bowel wall is thin, dusky, 
and edematous, suggesting obstruction to the 
venous return. Distension by itself can produce 
venous obstruction. A pressure above 55-65 mm. 
Hg within the gut causes pressure on the veins 
which encircle the ileum, interferes with the absorp- 
tion of gas and fluid, and leads to more distension 


Fic. 226.—To show how increasing distension causes pres- 
sure on the veins and interferes with absorption from the 
bowel. 


(Wangensteen, 1942). A vicious circle is thus 
brought about (Fig. 226). Greater distension can 
even cause arterial compression. 

The gas in the bowel of paralytic ileus is partly 
nitrogen, coming from swallowed air (Wangensteen, 
1942), and partly carbon dioxide which is normally 
4 per cent. The percentage of nitrogen is from 
60 to 80. An important relevant observation 
is that the normal small intestine can absorb about 
2500 c.c. of carbon dioxide and about 1300 c.c. 
of other gases per hour (Mclver, Redfield, and 
Benedict, 1926; Davis and Hansen, 1945). These 
workers showed that most of the gas in the bowel 
following an anesthetic is swallowed air. They 
proved that barium given to patients before opera- 
tions for appendicectomy was not passed out of the 
stomach as quickly as when no operation had been 
performed. Thus they come to the conclusion that 
after operations gas is not passed along the bowel 
for expulsion, and that it accumulates and gives 
rise to pain. 

The fluid in the bowel of paralytic ileus is thin, 
brownish, and flaky. The greater part of it is 
probably poured into the intestinal tracts in the 
form of saliva, gastric juice, bile, and pancreatic and 
intestinal secretions. This normally amounts to 
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from 7} to 10 litres per day (Rowntree, 1922 ; and 
Gamble, quoted by Bockus, 1944.) This fluid is 
toxic. Injection of either the contents of the normal 
or of the obstructed bowel into the veins of experi- 
mental animals can be fatal. This, however, does 
not prove that a toxin is the cause of death in cases 
of paralytic ileus. 


THE EFFECTS OF DISTENSION OF 


THE BOWEL 


The effects of distension can be local or general. 

Local Effects.—Multiplication of gas-forming 
bacilli, such as B. Welchii, occurs (Williams, 1927). 
One local result of distension is that the capillaries 
of the intestinal mucosa become more permeable 
and some of their contents transude into the peri- 
toneal cavity. Here the water is absorbed by the 
peritoneum and a fluid, which becomes more and 
more like plasma in its protein content, is the result. 
Thus loss of plasma from the circulation may be 
considerable—and loss of plasma decreases bowel 
motility, probably due to cedema of the bowel. 
Thus a vicious circle is formed. (Barden, Thompson, 
Ravdin, and Frank, 1938; O. C. Leigh, 1942.) 

Fluid is not only lost from the intestine, but since 
in most cases of paralytic ileus the pylorus also is 
inhibited or paralysed, vomiting of intestinal contents 











FIG. 227.—To show how obstruction occurs at each end 
of loops of small bowel in marked distension. 


For instance, in Case 1, in which multiple 
ileal obstructions were present, fluid which could be 
recognized was introduced through the suction 
lumen of a Miller-Abbott tube, which had been 
radiologically proved to be in the mid-ileum, and 
was later vomited by the patient. 

The vomiting and loss of intestinal contents in 


occurs. 


turn bring about loss of sodium chloride. Thus is 
started a deleterious vicious circle: the loss of large 
amounts of the irreplaceable sodium ion causes a 
shrinkage in the blood-plasma volume; this loss 
leads to a diminution in the volume of intercellular 
fluid ; and even if water is given by mouth, salts will 
be secreted into it, to be again lost in the vomitus. 
The blood becomes hypotonic; the kidneys auto- 
matically correct this by excreting water and thus 
add to the dehydration. Therefore, the hzemo- 
concentration and dehydration caused, bring about 
a circulatory failure which primarily is attributable 
to the loss of sodium (Bockus, 1944). 


JOURNAL OF 


SURGERY 


One local effect of distension is that of itself jt 
can cause further obstruction by the kinking of the 
distended small bowel at the apex of the loops 
(Ashcroft and Samuel, 1940; Ochsner, 1937), 
(Fig. 227.) 

A further effect of distension is that the longj- 
tudinal and circular muscles are greatly weakened jn 
their action by distension. This is mechanical, and 
the pressure developed by the muscles decreases in 
proportion to the increase of the radius. (R. D, 
Wright, 1946.) 

General Effects.—There is a general effect from 
local distension. Local distension of a loop of small 
bowel causes vomiting, anorexia, and inhibition of 
movement in the remainder (Youmans, 1944; 
Burget, Martzloff, Suckow, and Thornton, 1930), 
If the distended loop of bowel has been denervated, 
the distension causes no vomiting and no inhibition 
(Antoncic and Lawson, 1941). In dogs, distension 
of an isolated loop of small bowel caused death in 
eight days, but the dogs could be kept alive longer 
by giving saline infusions. 

Patients with paralytic ileus have a great thirst 
because of their dehydration and loss of salt, and 
therefore much of the fluid found in the bowel has 
been taken by mouth. 

There is also a difference in the flow of bile. The 
author has noticed that in most of his cases of para- 
lytic ileus there was little or no sign of bile in the 
aspirated fluid. This may have been due to extreme 
dilution of bile, or to the fact that distension of the 
intestine decreases the bile flow (Schnedorf and Orr, 
1941). Here again is a vicious cycle, for bile 
administered either through the duodenum or 
injected into an isolated loop of intestine greatly 
increases its motility (Haney, Roley, and Cole, 
1939). 

It is characteristic of a fully developed paralytic 
ileus that the large intestine is also involved. This 
has been shown by X-ray studies (Hunt, 1944), 
and also it was the experience of the author that in 
cases of fully developed paralytic ileus enemas were 
retained or returned without result. This is illus- 
trated in the following case :— 


Example 12.—An interval appendicectomy was per- 
formed. Thirty-six hours after the operation the patient 
began to suffer from severe colicky, central-abdominal 
pains, which were unrelieved by } gr. morphine. The colic 
occurred once every one to three minutes and lasted half 
aminute. Severe distension quickly developed, and there 
was some difficulty with micturition. At this stage 
(the ‘second stage’, referred to later) two enemas 
were given, the first glycerin and soapy water and the 
second milk and treacle. Both enemas were of one to 
one-and-a-half pints, and both were retained. Neither 
gave relief from the colic. Next day the colic had ceased, 
but purgatives, including two doses of calomel, were given 
without results. On the eighth day the bowels were 
opened with an enema and from that time on distension 
and discomfort were relieved. This case is quoted to 
show that in incipient paralytic ileus the colon is involved 
and that enemas do not act or remove distension or relieve 
colicky pains. 


The pathology of paralytic ileus, arising as 4 
result of infective or mechanical causes, will be 
associated with those pathological changes charactet- 
istic of inflammatory abdominal foci and of mech- 
anical obstruction. 
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THE VARIOUS TREATMENTS 
OF PARALYTIC ILEUS 


The methods of treatment recommended both 
for prophylaxis and in the developed disease have 
been many, varied, and confusing. 

The ‘ whippers-up ’ or ‘ stimulators ’ of the bowel 
form one school. Their treatment is based on the 
fact that in this condition the bowels do not open, 
and, therefore, if the bowels are opened the condition 
will be cured. However, the absolute constipation 
(lack of defzecation and passage of flatus) is only a 
symptom and not the disease. Stimulation of the 
bowel was formerly the method of treatment, and 
is only now going into disrepute as a general measure. 
Thus, Stout (1943) advised early parasympathetic 
stimulants as prophylactic treatment against paralytic 
ileus, e.g. O°5 Mg. prostigmine, or I mg. thiamine 
hydrochloride every four hours for ten doses as 
a prophylactic. Marden and Williamson (1939) 
recommended prostigmine methylsulphate, I c.c. 
of 1-4000 solution, as a prophylactic, and 1 c.c. of 
1-2000 solution to combat fully developed paralytic 
ileus. 

Ochsner, Gage, and Cutting (1930) concluded 
that physostigmine was the only drug which had a 
definite place in the treatment of intestinal atony. 
Hartman and Dock (1927), on the other hand, 
supported the use of choline. 

Treatment by stimulation with cathartics increases 
the movement of the normal small bowel (Oppen- 
heimer and Mann, 1941), but many personally 
observed cases show that during an established ileus 
they have no effect whatsoever. 

The following cases illustrate the ineffectiveness 
of cathartics in paralytic ileus (if cathartics ‘ work’, 
the patient has not got paralytic ileus) :— 


Example 13.—A middle-aged woman had had a hyster- 
ectomy performed. On the second day she was given 
an enema without result; then cascara and paraffin and 
magnesium sulphate, without either results or abdominal 
colic. Next day more cascara and another enema were 
given, again without result. When seen on the fourth 
day she was very distended, and on auscultation of her 
abdomen occasional sounds were heard. She recovered 
after 4 gr. morphine had been given four-hourly for three 
days. Her bowels were then opened by an enema. 


(Example 17 also illustrates the ineffectiveness of 
cathartics in ileus.) 

Among the stimulant forms of treatment must be 
mentioned the giving of intravenous hypertonic 
saline solution as advocated by Ochsner, Gage, and 
Cutting (1933), as this had been shown to increase 
peristalsis (Hughson and Scarff, 1924; Kleitsch and 
Puestow, 1939). 

_ Pitressin and pituitary extracts have been exten- 
sively given for ileus. 

Yet another school favour the treatment of ileus 
by “resting of the bowel”; 4 gr. morphine given 
sot — hours is said to “ rest” the bowels. (See 
p. 167. 

Another treatment of ileus has been the use of 
spinal and splanchnic anesthesia, which has been 
shown at least temporarily to increase peristalsis. 
age and Loring, 1930; Wagner, 1919; Novikov, 
1939. 
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Ileostomy is not a physiological method of treat- 
ment of paralytic ileus, as it drains only the segments 
in which it is placed; yet a number of reports of 
the successful use of ileostomy are reported in the 
literature. But the bowel is not acting and therefore 
will not drive the contents down to the ileostomy 
opening ; and also in a paralytic ileus the folding of 
the distended small bowel gives acute obstruction 
at the apex of each fold. (See Fig. 227.) 

The difference between paralytic ileus and 
obstruction is clearly shown in the radiograph of 
the two conditions. In paralytic ileus small pockets 
of gas are seen scattered all over the abdomen and 
the colon is also distended; whereas in acute 
obstruction continuous loops of distended bowel 
are seen. Thus, when paralytic ileus is cured the 
ileostomy acts furiously and well; but it is not 
the ileostomy which has cured the conditions. 


Example 14.—Paralytic ileus followed the making of an 
ileostomy as a preliminary to colectomy. In this fully 
developed condition the patient would not tolerate the 
Miller-Abbott tube in the pharynx, so it was introduced 
through a jejunostomy under local anesthesia. No 
peritonitis was found when this was being done. The 
abdomen was finally decompressed, but the patient died 
on the tenth post-operative day from a pulmonary 
embolus. 


In several cases the ileostomy did not work until 
the balloon of the Miller-Abbott tube had issued 
from it. 

The following case illustrates the ineffectiveness 
of an ileostomy in the treatment of paralytic ileus. 


Example 15.—A middle-aged and very obese man had 
had an acutely inflamed appendix removed. On the fourth 
post-operative day he began to get distended and to 
vomit copiously. A Miller-Abbott tube was successfully 
passed and drew off large quantities of fluid. However, 
the patient had a slightly elevated temperature and his 
general condition did not improve. The surgeon re- 
opened the wound, and, on not finding pus, did an 
ileostomy. On the seventh post-operative day the nursing 
sister reported a slough in the wound, which turned out 
to be the bag of the Miller-Abbott tube. The tube was 
— removed, and the ileostomy commenced to function 
well. 


A further method of treatment of paralytic ileus 
which is much used is prolonged gastric or duodenal 
suction with continuous intravenous fluid administra- 
tion (Wangensteen, 1942; Wangensteen, Rea, 
Smith, and Schwyzer, 1939; Penberthy, Noer, and 
Benson, 1940; Bartels, 1943, and many others). 

Since most of the gas in the bowel has been shown 
to be swallowed air, this seems a very logical method 
of prophylaxis. 

Finally, the last method of treatment of paralytic 
ileus is by use of the Miller-Abbott tube (Abbott and 
Miller, 1934; Ravdin and Abbott, 1940; Miller, 
1944; R.A. Wise, 1938; Boon, 1940; Penberthy, 
Noer, and Benson, 1940 ; Lofstrom and Noer, 1940 ; 
Bennett, 1941; Kaplan and Michel, 1941; Noer 
and Johnston, 1942; Grimson and Hodge, 1944; 
Glen, 1941; Smith, 1945.; and many others). 

Ladd and Gross (1941) stress the value of a high 
oxygen concentration in a tent in cases of abdominal 
distension. Probably this helps to maintain the 
oxygen concentration in the lumen of the affected gut. 
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Thus there are three schools of treatment :— 
1. Stimulative, with enemas, drugs, and cathartics. 
2. ‘ Resting’ the bowel with morphine and per- 
haps heat on the abdomen, turpentine stupes, etc. 

3. The aspiration of stomach, duodenum, or the 
entire intestine. 

Each has its advocates. As a result of this 
clinical study of paralytic ileus, each treatment 
would seem to be correct at the right period of the 
disease, but not at another. 


II 


A study of the treatment of post-operative ileus 
—and paralytic ileus—logically involves a considera- 
tion of the following :— 

1. Normal bowel movements. 

2. Those drugs and procedures which are used 
to increase movements. 

3. The action on the human small intestine of 
morphine—a drug frequently used in the treatment 
of ileus, not only for its action on the muscle of the 
small intestine, but also for the induction of sleep 
and relief of pain. 

4. Drugs which decrease the motor function of 
the small intestine and might therefore conduce to 
post-operative ileus. 

5. Drugs used in general treatment which might 
decrease intestinal movements and conduce to 
ileus. 

6. Coincident or coexisting pathological condi- 
tions which might pave the way to a post-operative 
ileus. 


THE NORMAL MOVEMENTS OF THE 
SMALL INTESTINE 


It is necessary fully to understand the normal 
movements of the small intestine if the treatment 
of their absence is to be undertaken. 

There is an inherent rhythm of bowel muscle 
even when isolated from a nerve-supply (Thomas 
and Kuntz, 1926). However, the nerve-supply 
co-ordinates peristalsis in response to local stimuli 
and the central nervous system in turn superimposes 
its control on the reflexes, as exemplified by a book- 
loving professor who complained of turbulent 
borborygmi on entering second-hand bookshops. 

The irritability and amount of small-bowel 
movement decreases from above downwards in a 
gradient (Alvarez, 1928). Small-bowel movements 
fundamentally consist of rhythmic ‘ feeler’ waves 
which establish the presence of resistance to con- 
traction (an adequate stimulus as shown by the fact 
that resistance to contraction can cause pain), and 
once the presence of the intestinal contents is so 
determined, a peristaltic wave follows. Bowel 
movements still occur in denervated bowel (Bayliss 
and Starling, 1899). 

Bowel movements as recorded on a Miuiller- 
Abbott tube balloon are irregular and of three main 
types. The first type occurs five to ten times a 
minute and is small in amplitude. The second 
type has the first type superimposed on it and consists 
of an alteration in tone occurring two or three times 
a minute. The third type is a big alteration in tone 
with both the first and the second waves super- 
imposed on it, occurring once every one to three 
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minutes. Personal experience has shown that the 
presence of the balloon of the Miller-Abbott tube 
low down in the ileum can be recognized by the 
type of recording obtained. Frequent type three 
waves are found in the upper ileum and jejunum 
where, when the tube is well down in the ileum, 
types one and two waves are not so marked, and 
powerful infrequent type three waves are noted 
(Huidobro, Montero, and Cuevas, 1944; Abbott 
and Pendergrass, 1936; Forster, 1940).* 


DRUGS WHICH ARE USED TO INCREASE 
THE MOVEMENTS OF THE HUMAN SMALL 
INTESTINE 


As has been pointed out above, one routine 
treatment of established ileus is the use of drugs 
which stimulate the movements and increase the 
motility of the small intestine. The action and 
use of some of these drugs is described. 

Confusion in regard to the Action on the Muscle 
of the Human Intestine of Drugs and Procedures. 
—In the literature there exists much doubt 
in regard to the action of drugs on the human 
intestine. This is owing to the fact that the effect 
of drugs or solutions has been tried on isolated 
intestine ; or in animals in which either X-ray, 
intestinal balloon, or exteriorized loops have been 
used ; or in human beings where X-ray, balloons, 
or systems of balloons introduced from above 
through the stomach or from below through an 
ileostomy have been connected to recording appara- 
tus; or to the fact that observations of various 
types have been made on exteriorized loops of bowel, 
or that observations have been made on the abdomen 
while open at operation. But despite the fact that, 
for the reasons given above, there is much difference 
of opinion in regard to the effect of drugs on the 
movement of the small bowel of animals and man, 
the action of certain of these drugs seems to be well 
accepted and to be clear. 

Prostigmine.—Stout (1943) advises early use of 
parasympathetic stimulants as prophylactic treatment 
against paralytic ileus. He advises 0-5 mg. prostig- 
mine methylsulphate and 1 mg. thiamine hydro- 
chloride every four hours forsten doses as a prophy- 
lactic. Marden and Williamson (1939) recommend 
prostigmine methylsulphate, 1 c.c. of 1-4000 solu- 
tion as a prophylactic and 1 c.c. of I-2000 solution 
to combat developed paralytic ileus. 

Ochsner, Gage, and Cutting (1930) are of opinion 
that physostigmine is the only stimulative drug 
which has a definite place in the treatment of 
intestinal atony. 

Acetylcholine.—Hartman and Dock (1927) 
favour the use of choline. Feldberg and Solandt 
(1942) used isolated rabbits’ intestines and found 
that acetylcholine caused immediate shortening of 
the isolated gut, but that glucose was necessary for 
continuance of this excitability of the longitudinal 
muscles to the drug. Small doses of atropine 
abolished the stimulating effect of acetylcholine. 


oS 





* In a case in which there was prolapse of 3 in. of 
ileum through an ileostomy, repeated observations 
showed that the papillz contracted and described rhythmic 
sigmoid curves indistinguishable from those ascribed to 
the ‘ ileoczecal valve ’. 
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Ochsner, Gage, and Cutting (1930) found little effect 
from acetylcholine on peristalsis in dogs. 

Pituitary Extracts, Pitressin, Pituitrin.— 
Puestow (1942) found that, following the adminis- 
tration of pituitary extract, there was a contrary 
motility between the small and the large bowel ; 
that when the small bowel was vigorously contracting 
the colon was inactive, and vice versa. He showed 
that posterior pituitary extract and pitressin pro- 
duced powerful contractions of the colon, but 
diminished motility of the small bowel. Carlson 
(1930) found that 1 c.c. of pituitary extract in 
, patient with an ileostomy gave increased peri- 
stalsis with issue of gas and feces. In dogs the 
result was not so constant. Buirge (1944), who 
studied the ileoceecal valve in a patient in which it 
had prolapsed, found that I c.c. of posterior pituitary 
extract increased propulsive and non-propulsive 
or mixing) movements in this region and caused 
gas pains. It produced a segmental contraction of 
one segment, which was relieved by amy] nitrite. 

Pituitary extract and pitressin regularly increased 
clon motility (Carlson, 1930; Puestow, 1942; 
Buirge, 1944). Radiologists take advantage of 
pitressin to rid the bowel of gas shadows, when 
taking radiographs of the renal tract (Kenning and 
Lofstrom, 1937). On the isolated small intestine, 
however, results are more equivocal. 

Using isolated dogs’ intestines, Gruber and 
Pipkin (1930) found that high dilutions of pituitary 
extracts caused an increased tonus, and_ tonic 
oscillation in duodenal and ileal strips, whereas high 
concentrations of the same drug caused loss of muscle 
tone and disappearance of the rhythmic (or mixing) 
movements. Huidobro, Montero, and Cuevas (1944) 
fund in normal subjects with a Miller-Abbott tube 
in position that pitressin increased the spontaneous 
motility of the small bowel. 

Ochsner, Gage, and Cutting (1930) tested the 
action of pituitary extracts in a series of twenty-nine 
dogs. They found characteristically a decrease in 
tone and inhibition of peristaltic movement, and in 
only two cases an increase in tone. They were of 
opinion that pituitary extract was not only ineffective, 
but dangerous, in intestinal atony. 

_ The author made observations on the small bowel 
with the Miller-Abbott tube in position. In the 
“se reported below the contractions of the small 
intestine, which up to the time of injection of 
pituitrin had been painless, became painful and 
increased, 


,ivample 16.—A man, aged 21 years, had an appen- 
iectomy performed. Three weeks later he began to 
+ colicky abdominal pains and occasional vomiting. A 
‘ tiler- Abbott tube was passed and relieved his pain and 
wae He began to eat. Again, one week after the 
re “1 “ the tube, he began to vomit and to become 
Miller “ . At this stage he had visible peristalsis. A 
ee er-Abbott tube was again passed. A second opera- 

n was performed and many adhesions caused by plastic 
Millon were divided. During his recovery the 
« ; i oie, tube, which was in position, was connected 
fine ing tambour. While it was in the lower ileum, 

. OF pituitrin of I c.c. were given on two occasions. 
er in twenty minutes of the giving of the intramuscular 
ection the patient complained of colicky central abdo- 
pains which coincided with increased peristaltic 
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ves as shown on the recording tambour. Luminal, 
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in 1-gr. doses, decreased the peristaltic activity for some 
hours. 


These diverse experimental findings in human 
beings and animals may perhaps be reconciled thus : 
If the colon is intact and pituitrin stimulates the 
motility, then it may later increase the small-bowel 
motility by a reflex. (See later.) 

Cathartics.—Stimulant treatment with cathar- 
tics increases the movements of the normal small 
bowel (Oppenheimer and Mann, 1941). 

Castor oil causes increased amplitude and rate of 
peristalsis in exteriorized loops of bowel in dogs. 
Magnesium sulphate does not increase the rate of 
movements or tone of the small bowel; it has only 
a mechanical action. Cascara does not change 
the rate of movement, but occasionally increases 
the response to local stimulus. 

In established paralytic ileus cathartics have no 
effect whatever. If cathartics ‘ work’, the patient 
has not got paralytic ileus. This case of paralytic 
ileus—one of many—demonstrates it. 


Example 17.—A middle-aged woman had had a hyster- 
ectomy performed. On the second day she was given 
an enema without result ; then cascara and paraffin and 
magnesium sulphate without either getting a result or 
causing colicky pains. Next day more cascara and 
another enema were given, again without result. When 
seen on the fourth day she was very distended, and on 
auscultation of her abdomen occasional sounds were 
heard. She recovered after 4 gr. morphine had been 
given four-hourly for three days. Her bowels then 
opened with an enema. 
may at times 


Therefore, though cathartics 


slightly increase the movements of the small bowel 
for a short while, they should have no place in pre- 
and immediate post-operative treatment of patients 


undergoing surgical operations. Their use before 
operation is followed by a period in which there is 
less bowel motility and a decreased response to 
local stimulants. Furthermore, cathartics irritate 
the bowel, increase the fluid contents of the bowel, 
and prevent absorption of nutritive material from 
it. Following purgation, the bowel does not react 
well to drugs, and there is an increased growth of 
bacteria within its lumen, and if continued there is 
increased gas and fluid in the lumen, a condition 
predisposing to the development of paralytic ileus 
(Alvarez, 1918 ; and Alvarez and Taylor, 1917-18). 

Apomorphine.—According to experiments on 
dogs, apomorphine causes peristaltic waves in the 
small intestine associated with attempts to vomit, 
which are followed by a decrease in the height of 
the contractions and in muscle tone, lasting from 
twenty to sixty minutes (Slaughter and Gross, 1938). 

Vitamins.—Crandell, Chesley, Hansen, and 
Dunbar (1939) found that, following the giving of 
thiamine and riboflavine and nicotinic acid to dogs and 
human beings with functional digestive disorders, 
some cases exhibited an intestinal hyper-motility. 

It is the author’s experience that the use of 
vitamin B complex has been most effective as a help 
in dealing with habitual constipation, but it has 
also been noticed on numerous occasions that 
patients to whom these drugs have been given are 
conscious of painful intestinal motility (umbilical 
pain) while they are taking them. 
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Some patients who have been given ascorbic 
acid also complain of colicky abdominal pains. 
This also may be due to hypermotility, for Haag 
and Taliaferro (1940) found that, at least in the 
colon (isolated from a guinea-pig), ascorbic acid 
caused greatly increased tone. 

Bran.—No change in the movements or evacua- 
tion of the small intestine was found by Fantus, 
Kopstein, and Schmidt (1940) and Streicher and 
Quirk (1943) in making X-ray studies of bowel 
motility in the normal individual. 

Bile and Bile-salts.—Haney, Roley, and Cole 
(1939) found that bile or bile-salts increased the rate 
of propulsion through isolated loops of dogs’ 
intestines, hence the importance of giving bile- 
salts in paralytic ileus. 

Hypertonic Saline into Bowel Lumen.— 
Bayliss and Starling (1899) mention that hypertonic 
saline solutions injected into the lumen of the gut 
are followed by very vigorous peristalsis. 


PROCEDURES WHICH ARE USED TO 
STIMULATE THE MOVEMENTS OF THE 
SMALL INTESTINE 


Intravenous Hypertonic Salt Solution.— 
Among the stimulant forms of treatment must be 
mentioned the intravenous infusion of hypertonic 
saline solution as advocated by Ochsner, Gage, and 
Cutting (1933). From 15 to 20 c.c. of 20 per cent 
sodium chloride solution, injected intravenously, 
has been found to increase small-bowel motility 
(Ochsner, Gage, and Cutting, 1930; Kleitch and 
Puestow, 1939 ; Hughson and Scarff, 1924 ; Quigley, 
Highstone, and Ivy, 1934). Kleitch and Puestow 
(1939) found that physiological saline given intra- 
venously for twenty minutes gave a sustained rise 
in the frequency of contraction and also in the 
secretion of the small intestine of dogs. Dextrose 
solution (10 per cent) did not give much change, 
but. physiological saline with 10 per cent dextrose in 
it definitely increased motility. They found that 
insulin decreased the motility. Their observation 
confirms that of Feldberg and Solandt (1942) that 
the action of nicotine on the intestine depends on 
the presence of glucose in adequate supply. 

Spinal and Splanchnic Anzsthesia.—There 
is little doubt that where small-bowel motility is 
arrested or diminished, spinal and _ splanchnic 
anesthesia causes an increase; at any rate, during 
the time the anesthesia is active (Wagner, 1919 ; 
David and Loring, 1930; and Novikov, 1940). 
When spinal anesthesia was used on patients who 
had morphine as a pre-operative treatment, little 
effect on the motility of the small intestine 
from spinal anesthesia was found by Helm and 
Ingelfinger (1944). The following case illustrates 
this :— 


Example 18.—A woman had an acute obstruction of the 
small intestine. A Miller-Abbott tube was passed for 
the two hours during which she was being prepared for 
the theatre. At operation the tip of the tube was found 
to be in the intestine about 2 ft. from the pylorus. Before 
operation little or no motility could be observed on the 
balloon.: As soon as the spinal anesthetic was given, 
waves of motility were recorded on the tambour, and at 
operation they were seen. 
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Food by Mouth.—The gastro-ileal reflex ; 
physiologically well known. It can_ be observa 
on any patient with an ileostomy. Following th 
taking of food, the ileostomy acts with increase 
vigour. 

Colonic Enemas and Wash-outs.—Repeatg; 
observations on a man who had an acting ileostomy 
at the same time as he had a colon isolated from the 
feecal stream as a preliminary to its removal (Fig, 228 
shows this arrangement) showed that wheneve 








Fic. 228.—To show the arrangement of loops of bowel 
as a preliminary to subtotal colectomy for ulcerative colitis, 
the ileum being eventually joined to the rectum by clamp. 
1, End of functioning ileum; 2, End of functioning colon; 
3, Functioning ileostomy; 4, Cut end of rectum. 


either the. colon or the rectum was washed out, of 
an enema given, within five or ten minutes there 
was a most vigorous action of the ileostomy. Af 
times this action was so vigorous that jets of chyme 
were shot several feet into the air. 

These observations were repeated and confirmed 
on a woman who also had an isolated colon as a prt 
liminary to colectomy (Fig. 229). 

Thus enemas and bowel wash-outs must lb 
regarded as the most effective stimulative treatment 
to a small bowel capable of response. 

Heat to the Abdomen.—This time-honoured 
method of treating paralytic ileus, which is supposed 
to increase the motor function of the bowel, a 
particularly the pendulum movement, was foun 
to have no effect. In three patients in whom heal 
was applied to the abdomen while the recording 
Miller-Abbott tube was in position, no change ® 
the motility of the intestine was observed. 


Example 19.—This patient hadatube in position wer 
ing operation for division of adhesions which were caus 8 


intestinal obstruction with visible peristalsis. On aa 
occasions a radiant heat cradle was put on the - 
abdomen for periods of from half an hour to one at ; 
half hours without altering the character or strength 
frequency of the bowel movement as recorded on 
Miller-Abbott tambour. 
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Example 20.—The patient had a Miller-Abbott tube 
oth before and after an operation for division of multiple 
inesions of the small bowel. On two occasions hot 
ttles applied to the abdomen did not in any way alter 
4e character or frequency of intestinal contractions. 


Example 21.—A young woman had an ileostomy as a 

imi to colectomy. A balloon was introduced 
to the ileostomy for about 4 in. Heat was applied to 
te abdomen by hot-water bottles for twenty minutes, 
id also a turpentine stupe at the same time, without 
fecting the bowel motility (see Fig. 229.) 


b) 


Fic. 229.—Example 42. 


in Fig. 238. 
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twenty to forty minutes after the injection, but for 
some hours later the rate of propulsion was slower 
than normal. Atropine was found to counteract 
the effect of the morphine. 

Using similar preparations Gruber, Greene, 
Drayer, and Crawford (1930) found a rise of tone 
following injections of morphine. 

Determining by X rays the rate of propulsion in 
Thiery-Vella loops in dogs, Quigley, Highstone, 
and Ivy (1934) found, as the result of morphine 
injection, an increased rate of propulsion in the 


a, A record of four and threequarter hours taken immediately after operation when little or no bowel 
movement was present, showing variations in the record produced by coughing, vomiting, gasping, etc. 
hours showing the development of movements 10 hours after introduction of the tube through jejunostomy. 
From the mark A the record is typical of fairly normal jejunal movements. 


b, A record for two and a half 
C First movements shown 
(Cf. Fig. 234, where the movements of 


the one-and-three-quarter-hour period to the mark C are typical of normal lower ileal movements.) 


It has also been found by McLoughlin, Mann, 
ad Krusen (1941) that short-wave diathermy does 
tot affect intestinal motility. 

Turpentine Stupes on the Abdomen.—This 
ako time-honoured treatment was used in Example 21 
nentioned above, with no effect either clinically or 
i the bowel movement as shown by the recording 
umbour (Fig. 229). 


THE ACTION OF MORPHINE ON THE 
HUMAN SMALL INTESTINE 


With regard to the effect of morphine on the 

tuman small intestine, some confusion exists because, 
% has been pointed out, workers have sought infor- 
mation in this respect in so many different ways. 
us, if the morphine method of treating ileus is 
0 be intelligently carried out, its mode of action 
tust be studied and, if possible, clarified. 
_ Using isolated strips of intestine, Gruber and 
tipkin (1930) found that morphine increased the 
nus and in some cases the height of rhythmic 
‘wntraction of the muscle. 

Using experimental animals, Kanan (1937) 
Paced balloons in Thiery-Vella loops in the ileum 
and Measured propulsive motility, and found that 
ophine sulphate increased propulsion for from 


ileum lasting for forty minutes, then a decrease for 
some hours. In the loops of the duodenum the 
initial increase of propulsive activity was greater 
than in the ileum. 

Plant and Miller (1926), using non-anzsthetized 
dogs, also found an immediate increase of fre- 
quency in the amplitude of peristaltic waves, but, 
when this passed off, the tone still remained above 
normal. 

The following observations on man when con- 
trasted with that of the animal intestine show some 
discrepancies :— 

Plant and Miller (1926) took tracings from the 
ileum of a man with an ileostomy and found that 
4 gr. morphine increased the number of waves and 
the tone, but decreased the amplitude of peristaltic 
waves. ‘They saw similar changes in two men with 
thin-walled herniz when, after the giving of % gr. 
morphine hypodermically, contractions were noted 
and an increase of the frequency of waves passing 
over the bowel was perceived. ‘The appearance did 
not return to normal for one anda half hours after 
injection of morphine. They found similar effects 
by using heroin and codeine. 

Forster (1940) studied movements of the circular 
and longitudinal muscles separately by means of 
recording instruments attached by stitches to the 
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exteriorized ileum in man. He found that } gr. 
morphine increased the frequency of the mixing 
waves and the peristaltic waves, and that a second 
injection of 4 gr. twenty to thirty minutes later 
decreased the frequency of the mixing waves or 
pendulum movements, but increased the tone of 
both muscle coats. 

Huidobro, Montero, and Cuevas (1944), record- 
ing from the balloon of the Miller-Abbott tube in 
normal subjects, found that morphine decreased the 
motor activities in the duodenum and ileum. In 
large doses it caused movement to disappear with 
slightly increased tonus. 

Abbott and Pendergrass (1936), using a Miller- 
Abbott tube, found that morphine produced stimula- 
tion in the upper part of the small bowel for a short 
period, followed by depression, but there might be 
no change at all in the motility of the ileum. There 
was duodenal spasm for two minutes following the 
injection and then relaxation lasting up to three 
hours. Barium conglomerated in the ileum and filled 
loops, giving the appearance of a string of sausages. 
Disordered and non-propulsive movements per- 
sisted for three hours after injection. The effects 
of morphine on the gastro-intestinal tract lasted for 
up to three days, the ileum emptying more slowly 
for twenty-four hours. 

Plant and Miller (1926) state that the primary 
effect of morphine on the small intestine is stimula- 
tion of muscular activity and tone, while contrac- 
tions remained unaltered or even slightly decreased. 

Myers and Davidson (1938), reviewing the 
literature, came to the conclusion that the constipa- 
tion of morphine was due to pyloric obstruction and 
consequent delay of stomach emptying. 

Puestow (1942) states that morphine constantly 
stimulates the small bowel, but by inhibiting colonic 
contraction may be a factor in causing post-operative 
distension due to gas distension. 

The author studied three cases in which tracings 
and observations were made on patients with the 
Miller-Abbott tube and recording tambour. In 
these cases no gross difference could be observed 
in the contractions after 4 gr. morphine had 
been given intramuscularly. But in one case, on 
five occasions when a balloon was introduced through 
an ileostomy (Fig. 230) tone was increased, mixing 
movements were more frequent, and peristaltic 
movements were decreased. 


HOURS 





FIG. 230.—Example 42. 
of an injection of 4 gr. morphine given at A. 


To show the effect on bowel motility 


The treatment of paralytic ileus by injections of 
morphine has therefore a sound physiological basis, 
not because it rests the bowel but because it increases 
the number of small mixing waves and raises the 
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muscle tone. Both these actions tend to preventighich 
the onset of an ‘irreversible’ stage of ileus. Thighille 
latter is the stage of ileus which occurs when disten{emptl 
sion has increased to such intensity that (a) it presgeggll€ & 
on the veins and so causes a vicious circle in whichg" ™ 
decreased gas absorption resulting from the venoy 
pressure leads to more distension and thus furthe 
venous pressure (Dragstedt, Lang, and Millett ; 
1929 showed that distension interfered most wi 
blood-supply in the duodenum and least in the larg¢ 0 
bowel) ; and (6) it causes of itself an actual mechani. 
cal obstruction by a kinking of the ends of the loop 
(see Figs. 226, 227). 

Treatment with morphine will prevent this 
intensity of distension and therefore facilitates the 
absorption of gas by increasing the muscle tone and 
by increasing the number of small mixing waves, 

To sum up, the results of the investigation of 
morphine seem to show that there is agreement that 
morphine: (1) delays the passage of food throug 
the intestine and therefore causes constipation ; (2 
causes duodenal spasms for a short while, followed 
by relaxation; (3) decreases peristaltic movement 
of the duodenum and ileum, but increases (qa) the 
tone, and (b) the frequency, of the small mixing 
waves. Th 


DRUGS WHICH DECREASE THE MOTOR) 
ACTIVITY OF THE HUMAN SMALL E 
INTESTINE 


Drugs which depress the motor activity of tha § 
human small intestine have a bearing on the treat-fictio 
ment of ileus, for their use in post-operative treatmen 
may have an influence in the production of post 
operative paralytic ileus. 

Atropine.—Atropine given in normal doses 
causes inhibition of contraction and loss of tone oj 
the small bowel (Forster, 1940 ; Huidobro, Montero 
and Cuevas, 1944; Gruber, Greene, Drayer, anc 
Crawford, 1930; Kanan, 1937). 

Trasentin causes a decrease in small-bow} 
movement, especially when given through the 
Miller-Abbott tube. Local anesthetics given throug 
a Miller-Abbott tube also decrease the bowe 
movement (Crohn, Olson, and Necheles, 1944). 

In only one of three cases was trasentin effective 
in relieving spasms caused by intestinal colic resulting 
from adhesions due to plastic peritonitis. 

The author found no effect by giving trasen 
by mouth in a case of chronic small-bowel obstructio 
when the Miller tube had been passed pre-operativel 
and the balloon was in the lower ileum. 

Hyoscine has an action similar to, but weake 
than, atropine (Gruber, Greene, Drayer, an 
Crawford, 1930). 

Adrenaline and Neosynephrin slow the cot 
tractions and decrease the tone of the intestine ! 
dogs (Youmans, Aumann, and Haney, 1939). 

Amy] Nitrite decreases both intestinal move 
ment and tone. In the following case the effect 
of amyl nitrite on intestinal movement is seen. 












I 
Example 22.—A patient came into hospital with inte*§ case: 

tinal obstruction. She had had nine previous operatio™ 

for adhesions and obstruction following a hysterectom— 

operation. Before being operated upon there was visible ry 

peristalsis in the abdomen and colicky pains, both of she 
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shich were abolished by the giving of amyl nitrite. A 

iler-Abbott tube was passed before operation, which 
emptied her intestine and stopped her pain. At operation 
the collapsed bowel and the site of obstruction, threaded 
on the Miller-Abbott tube, were easily found. 
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Fic. 231.—Example 25. To show the effect on bowel 
motility of 24 gr. of sodium luminal given intravenously at A. 
This dose was enough to make the patient feel sleepy, but not 
to put him to sleep without morphine given later. 


Huidobro, Montero, and Cuevas (1944) also report 
decreased intestinal movement and tone after the 
use of amyl nitrite. 

Sulphonamides.—The author has studied the 
ation of sulphonamides on the human intestine in 
inumber of cases. He has found no appreciable 
lifference in small-bowel motility when sulphon- 
amides are given. 





Fic. 232.—Radiograph four hours after taking barium 
by mouth. 


The following is an example from a number of 


Cases observed :— 


Example 23.—A woman developed paralytic ileus, with 
a high temperature, following a gynecological operation. 
She was given sulphadiazine, 4 g. immediately and 1 g. 
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every four hours for four days. All this time she had a 
Miller-Abbott tube in her ileum and strong peristaltic 
contractions continued. 


Pick, Brooks, and Unna (1944) found that in 
guinea-pigs with isolated intestinal loops sulphon- 
amides inhibited the contracting effect of nicotine 
on the isolated intestine. Sodium sulphadiazine 
was not so effective as sulphathiazole, sulphanil- 
amide, or sulphamerazine. 


DRUGS FREELY USED IN THE 
° GENERAL TREATMENT OF ILEUS 
WHICH MAY DECREASE INTESTINAL 
MOVEMENTS AND CONDUCE TO 
A POST-OPERATIVE ILEUS 


In this category are the barbiturates, aspirin, and 
penicillin. 

Barbiturates.—Work by Professor R. D. Wright 
and the fact that epileptic patients on luminal therapy 
are always constipated suggested an inquiry if bar- 
biturates affect intestinal movements, and if so 
whether they might produce post-operative ileus. 

Barbiturates were given to three patients in 
whom the Miller-Abbott balloon with an attached 
tambour was in the small intestine. Two-grain 
doses of luminal, given each night, caused a signi- 
ficant decrease in the amplitude of contraction for 
five or six hours. Subsequently no marked difference 
in muscle tone could be detected. 


Example 24.—In this patient a balloon was introduced 
through an ileostomy. A 3-gr. dose of seconal was given 
and within half an hour the tambour recorded an increase 
of tone, and then almost complete cessation. 





FiG. 233.—Radiograph after the taking of barium and 1 gr. 
of luminal. The colon is still full from the day before. 


Example 25.—In this case an ileostomy had been per- 
formed as a preliminary to removal of the colon. A 
post-operative ileus ensued. A Miller-Abbott tube had 
been introduced through a jejunostomy because the 
patient persistently pulled it out of his nose. On four 
occasions injections of 24 gr. of sodium luminal were 
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given intravenously; this was enough to make him 
sleepy. The tambour recorded a depression of motility 
which lasted several hours (Fig. 231). 

An X-ray study of the effect of luminal on bowel 
movement was undertaken on a _ middle-aged 
volunteer. 


Example 26.—Observations were made under identical 
conditions at the same time of the day, viz., four hours 
after the giving of four tablespoonfuls of barium by 
mouth. In the control experiment the tail of the barium 
column at the end of four hours was 6 in. from the ileo- 
cecal junction. When 1 gr. of luminal was given to the 
same subject under the same conditions, the subject 
complained of much sleepiness, and the tail of the barium 
column was at least 2 ft. and possibly 3 ft., from the 
ileoceecal junction (Figs. 232, 233). 


There was thus a retardation of the flow of barium 
through the small intestine following the administra- 
tion of the luminal. 

Using isolated intestine of rats or rabbits, Shaw 
(1942) found that luminal, dial, seconal, etc., caused 
a decrease in tone and sometimes a cessation of 
motility. 

Florey, Wright, and Jennings (1941) noticed that 
the secretion of mucus in the colon was decreased 
by barbiturates. 

It would appear, therefore, that barbiturates 
should be given with caution in cases in which there is 
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FIG. 234.—To show the effect of turpentine stupes (B) 
(applied for twenty minutes), heat to the abdomen (A) 
(applied for twenty minutes), the wash-out (with half a pint of 
saline) of the disconnected rectum in which the rectum was 
joined to the ileum (C), and of 10 gr. of aspirin (D), on bowel 
movements as recorded from a balloon introduced through a 
prolapsing ileostomy from the disconnected terminal ileum. 
(The ileumw as connected to the rectum as a preliminary for 
colectomy and the distal disconnected ileum and sigmoid colon 
were brought out on to the abdominal surface.) 


a possibility of paralytic ileus. They certainly should 
not be given in cases of established paralytic ileus as 
they decrease peristalsis and tone, and consequently 
as a result of the increased distension, might just 
change a developed paralytic ileus which is in a 
‘ reversible ’ stage into one which is ‘ irreversible.’ 
Aspirin.—In a middle-aged woman with a 
recording Miller-Abbott tube in position, who 
had had a resection for a carcinoma of the ileum, 
10 gr. of aspirin almost caused cessation of ileal 


JOURNAL OF 





SURGERY 


movement. Ina woman of 35 years who had «in ileo. 
stomy for ulcerative colitis, 10 gr. of aspirin 3 bolished 
the larger occasional ‘ peristaltic ’ movements of th 





y 


FIG. 235.—Radiograph four hours after barium by mouth 
plus 1§ gr. of aspirin, under the same conditions as Fig. 234. 


ileum (Fig. 234). Ina normal middle-aged subject, 
15 gr. of aspirin (given with barium emulsion) made 









no difference, compared with a control administra- 
tion of barium without aspirin under identical 
conditions (Fig. 235). The dose of 


2 aspirin, I5 gr., was enough to make 


the patient “‘ sleepy ”’. 

It thus appears that the rate o 
propulsion ot the content of the small 
> bowel is not materially altered by 

aspirin—though occasionally decrease 

of intestinal movement followed its 
exhibition. 
Penicillin.—No effect on intestinal movement 
could be found with large doses of penicillin in 
several cases. 


COINCIDENT PATHOLOGICAL 
CONDITIONS WHICH MAY CONTRIBUTE 
TO THE OCCURRENCE OF POST- 
OPERATIVE PARALYTIC ILEUS 


Hypoproteinemia.—In two patients with 4 
Miller-Abbott tube in position, the author was able 
to record definite increase in small-bowel motility 
following serum transfusions. Their case records 
are as follows:— 


Example 27.—A Miller-Abbott tube had been intro- 
duced for a post-operative ileus. No progress was made 
after it was 4 or 5 in. past the pylorus. Two pints o! 
serum were given. Movements increased in amplitude 
and frequency, and the tube began to move and fluid 
was aspirated. 


Example 28.—A woman who had had many previous 
operations for intestinal obstruction had a Miller-Abbot! 
tube passed prior to operation. At operation it wa’ 
found to be proximal to the obstructed segment of bowel. 
Twenty-four hours after operation occasional movements 
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ileo.f of the bowel were being observed. Following the 
ished ,dministration of a pint of intravenous serum, these 
f the quickly increased in frequency and amplitude. 
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That hypoproteinemia is a potent cause of 
depression of small-bowel motility has been reported 
by Barden, Thompson, Ravdin, and Frank, 1938 ; 
Leigh, 1942; John Devine, 1938; Ravdin, Stengel, 
ad Prushankin, 1940. 
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recommences when the packing is removed. (See 
Example 3.) 

The cessation of bowel movement resulting from 
intraperitoneal irritation does not occur if the 
splanchnic nerves are cut, as they are part of 
the reflex arc through which inhibition of bowel 
movement occurs (Douglass and Mann, 1941), and 
the interference with this arc is the rationale for 
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Fic. 236.—Example 42. 1 ; 
which did not render the patient unconscious. 


To show the momentary complete loss of tone after giving 2} gr. of luminal intravenously at A, a dose 
It also illustrates the depression of peristalsis and tone resultant upon overdistension 


of the stomach and the effect of relief of this by removal of 100 oz. of fluid through a stomach tube at B. 


_Distension of the Upper Part of the Urinary 
Tract or of the Bladder.—In cases of urinary 
tract irritation, Allen and Jamison (1940) found 
increased bowel distension, indicating a degree of 
ileus, and confirmed by radiography. 

Svien and Mann (1943) showed that distension 
of the urinary bladder caused inhibition of move- 
ments of the lower ileum, but distension of the upper 
urinary tract caused ileus of the whole of the small 
intestine. 

It would appear that the type of patient who has 
urinary retention following operation has also a 
tendency to ileus. On the basis that distension of 
the bladder or pelvis of the kidney causes ileus, it 
is suggested that unrelieved post-operative retention 
of urine might contribute to or even be the origin of 
paralytic ileus—this is an important practical point 
in post-operative treatment. 

Intraperitoneal Procedures : Intraperitoneal 
Irritation.—Intraperitoneal procedures or intra- 
peritoneal irritants cause prolonged arrest of small- 
bowel movement (Douglass and Mann, 1941 ; 
Wakim and Mann, 1943). 

Arrest of small-bowel movement for a varying 
period results from intraperitoneal procedures after 
every abdominal operation, whether a general or 
focal anesthetic is used; e.g., packing introduced 
into the abdominal cavity may cause prolonged 
cessation of small-bowel movement which will only 


using splanchnic or spinal anesthesia in the treat- 
ment of ‘ true’ paralytic ileus. 

Over-distension of the Stomach.—The author 
has found that over-distension of the stomach 
inhibits intestinal movement. 

This observation was made possible because 
jejunostomies had to be done on two desperate 
cases of paralytic ileus, too ill and unco-operative 
for the tube to be passed by mouth. Both had a 
recording Miller-Abbott tube passed into the ileum 
through the jejunostomy. In each case the stomach 
and upper part of the jejunum, unrelieved by the 
Miller-Abbott tube, remained greatly distended. In 
each case the tambour recording movements of the 
small intestine occasionally showed a complete 
absence of peristalsis. And in both of these cases, 
following aspiration of varying amounts of brownish 
fluid up to 100 ounces through a separate Rehfuss 
tube introduced through the mouth into the stomach, 
the result was that the tambour recorded the return 
of peristalsis. 

The details of these cases are as follows :— 
‘Example 29.—A young woman had had a paralytic ileus 
following a gynecological operation. This in turn was 
followed by peritonitis, and finally, a fortnight after the 
operation, by organic small-bowel obstruction. After 
the Miller-Abbott tube had been passed twice by 
mouth, it could not be passed on a third occasion. It 
was then passed through a jejunostomy made under local 
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anesthesia. Eight hours afterwards the first small-bowel 
movements were recorded. On several occasions peri- 
stalsis was observed to stop, and on each occasion 
aspiration of the stomach drew off a large quantity of 
fluid, and within half an hour peristaltic movements 
returned. 


Example 30.—The Miller-Abbott tube was in the ileum, 
having been introduced through a jejunostomy, and 
cessation of peristalsis was on several occasions associated 
with epigastric fullness. A stomach tube was then used 
to draw off up to 128 oz. of fluid. Immediately peri- 
stalsis recommenced (Figs. 227, 236). This was repeated 
on at least five occasions. 


This reflex, resulting from gastric distension, is 
physiologically reasonable, since distension of an 
isolated loop of small bowel and of the urinary 
bladder has already been shown to cause inhibition 
of small-bowel peristalsis, and therefore it is important 
to prevent over-distension of the stomach following 
operations, and to anticipate any tendency to acute 
gastric dilatation by promptly emptying the stomach 
by a Rehfuss tube before inhibition of intestinal 
movements can occur.* 


III 
THE DEVELOPMENT OF A CONCEPT 
OF PARALYTIC ILEUS 


In a fully developed paralytic ileus auscultation 
of the abdomen reveals no sounds and a recording 
tambour in the intestine shows no movements. 

In this clinical study it was found that in a person 
in good health intestinal sounds (borborygmi) were 
always heard in the abdomen. They were usually 
most pronounced after a meal, and had a certain 
regularity. Abdominal auscultation made on a 
number of patients following routine operations, 
showed that the first sounds were heard between 
‘four and eight hours after the operation. It also 
disclosed the interesting fact that the first sounds 
are irregular, turbulent, and often accompanied by 
pain ; at first they were infrequent and later become 
almost continuous, quite unlike those heard in the 
normal abdomen. 

The cause of these first sounds following opera- 
tion was investigated by the use of the Miller-Abbott 
tube with recording tambour, as is seen in the 
following case. 


Example 31.—A middle-aged woman had had nine 
previous operations for intestinal obstruction caused by 
a constant recurrence of adhesions which originated as a 
sequel of a hysterectomy. An acute supervening obstruc- 
tion with distension and visible peristalsis made a tenth 
operation necessary. The Miller-Abbott tube was passed 
and relieved the distension and made the subsequent 
operation technically easy as no distended bowel was 
encountered, but the tip of the tube was found proximal 
to the area of obstruction. The bowel was dissected 
free and wrapped in omentum. Following the operation 
no movement occurred for eight hours. The recording 
tambour on the Miller-Abbott tube balloon then began 
to show several movements at intervals of half to one 
hour—each movement being accompanied by colicky 
central abdominal pain. These powerful, but occasional, 





* It must be understood that the apparent reflex 
above mentioned was noted in abnormal intestine under 
abnormal conditions and with a balloon further upsetting 
the bowel. 
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contractions then changed in about twenty hours to 
frequent irregular contractions, and after a further 
twelve hours the peristalsis recorded was indistinguish- 
able from normal. 7 


From these observations it would appear that, 
at the commencement of intestinal movements, 
after the normal period of ‘ physiological’ o; 
‘ active ’ ileus following the opening of the abdominal] 
cavity, there is a stage when there is no movement; 
then one when there is occasional irregular movement; 
later a stage in which there is more frequent but 
disordered movements, until finally the bowel 
recovers and its movements become ordered and 
normal. 

After operations patients usually complain of 
‘ gas pains’. Normal peristalsis is painless, therefore 
the cause of these pains must be some abnormality 
in internal movement. And the most likely one, 
judging from abdominal auscultations which the 
author has carried out and also from the tambour 
records, is inco-ordination. 

If pain is caused by peristaltic contraction, then 
the only conceivable cause is that the bowel content 
cannot escape into the next segment, because of 
lack of the usual co-ordination, namely, contraction 
above followed by relaxation below. Wangensteen 
(1942) thinks that gas pains are the result of con- 
traction of dilated loops on to their contents. 

The author found clinically that, given in the 
first stage, when no movements can be heard, 
enemas are quite ineffective. They do neither 
good nor harm: they cause the patient no pain, 
being either retained or returned without force. 

He found that in the second stage, oi ‘ stage of 
disordered movement’, stimulation by enemas, 
pituitrin, pitressin, eserine, or by other measures 
causes more distension and increased pain and 
discomfort for the patient. There is usually some 
passage of flatus, with little feecal result. In other 
words, it would appear that the stimulation caused 
painful bowel movements. Since normal peristalsis 
is painless, it is reasonable to assume that the pain 
was a result of abnormal peristalsis. It is also 
reasonable to assume further, that, since abnormal 
peristalsis is disordered and inco-ordinated move- 
ment, stimulation by giving pituitrin or enemas 
increases small-bowel movement without changing 
the character of the peristalsis present in this second 
stage. Thus, stimulation in this stage may increase 
the paralytic ileus. That this assumption is correct 
is shown by the fact that ileostomy wash-outs 
given in this second stage to two patients caused 
‘gas pains’ almost immediately, with increased 
distension. 

The following case record shows how stimulation 
can turn a condition of ileus into one of paralytic 
ileus :-— 


Example 32.—A middle-aged woman had an operation 
for band obstruction of the small intestine, which occurré 
as a complication of a resection of a volvulus of the 
sigmoid colon. The band had almost completely 
obliterated the lumen of the small bowel. Greatly 


distended proximal loops of small intestine were found. 
The band was removed and the post-operative con- 
valescence was normal until an enema was ordered on the 
third day. The enema caused abdominal pains and 
yielded a poor result. The surgeon then ordered 4 
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high bowel wash-out. The result of this was an immedi- 
ate and most marked distension within an hour. The 
distension was so intense that it interfered with respira- 
tion. Later vomiting began. The patient was then 
given % gr. morphine four-hourly, with continuous 
duodenal suction by a Rehfuss tube. A day later distension 
was noticeably less and occasional movements could 
now be heard on auscultation of the abdomen. Within 
three days the distension was completely relieved, the 
tube was removed, and convalescence from then on was 
uneventful. 


Incidentally, this case shows how an early stage 
of paralytic ileus can be treated by morphine to 
forestall the advent of an irreversible stage which 
would require the use of the Miller-Abbott tube. 

Other cases are here quoted to show how stimula- 
tive treatment in the second stage of bowel movement 
following operation can bring about a paralytic 
ileus :— 


Example 33.—In a patient, following an interval appen- 
dicectomy, colicky central abdominal pains unrelieved by 
morphine set in on the evening of the second day. An 
enema was given and retained without distress to the 
patient. The pain was unrelieved and a second enema 
of milk and treacle with 1 c.c. of pituitrin was given, 
again without relief of pain, and the enema was also 
retained. Following this enema, distension became 
greater. The next morning the pain had ceased but the 
distension was intense and was interfering with respira- 
tion. The patient was then treated with injections of 
morphine, and the bowels were opened, by an enema, 
on the sixth post-operative day. 


Example 34.—Following a gynecological operation a 
patient complained of slight colicky abdominal pains on 
the second day. She was given an enema without relief 
and without result. On the following day she was given 
pituitrin and an enema, with slight flatus result and slight 
telief of the colicky pain. Following the enema, however, 
the distension became more marked. The next day she 
was given another enema and more pituitrin, again with 
only a small result and increased distension. By the 
fifth day she had a well-developed paralytic ileus and a 
Miller-Abbott tube had to be passed. 


Example 35.—A middle-aged woman had had a vaginal 
hysterectomy performed and two days after operation 
became distended and complained of abdominal pain. 
On several occasions she was given pituitrin and enemas, 
tach time with slight relief of discomfort, but more 
distension, Cascara and paraffin were given to her 
without result or discomfort. When, on the fourth day, 
she was given } gr. morphine four-hourly, her distension 
lessened day by day until her bowels were opened on the 
sixth post-operative day. 


_ The ‘third stage’ of recovery from paralytic 
ileus, or the recovery of movement following opera- 
tion, is when once more peristalsis is co-ordinated, 
regular, and painless. In this stage enemas, pituitrin, 
bowel wash-outs, etc., produce a result with relief of 
any symptoms. 

Thus, the writer puts forward the concept that 
there are three stages of ileus: (1) The stage of no 
movement (paralytic); (2) A stage of disordered 
and unco-ordinated movement; (3) A stage when 
movement is being co-ordinated once more. 

It is suggested that this concept of ileus should 
setve as a basis for prophylactic and rational treat- 
ment of paralytic ileus. 
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THE TREATMENT OF PARALYTIC ILEUS 


From the results of these experimental inquiries 
and of these clinical studies the following basic 
principles emerge in regard to the treatment of 
paralytic ileus :-— 

1. That in an ileus or bowel obstruction the chief 
cause of death is the result of increased permeability 
of the capillaries of the gut wall, the viability of which 
has been impaired: (a) from the action of bacteria 
from within, and (6) from interference with the 
circulation by distension. ‘Therefore therapy must 
be aimed at a reduction of internal pressure to cir- 
cumvent the impairment of the capillaries ; or at an 
increase of tone in the circulation to prevent an 
increase of the distension to the point of irreversi- 
bility. 

2. That ‘true’ paralytic (idiopathic) ileus is 
rare. Many cases which were regarded as idiopathic, 
were really caused by areas of peritonitis or pockets 
of infection, toxic or traumatic. 

Paralytic ileus caused by infection was often a 
semi-mechanical obstruction caused by a segment 
of small bowel which had become paralysed and 
incapable of passing on intestinal contents because 
it lay in a focus of pelvic peritonitis or formed part 
of the wall of a pelvic abscess. 

A history of colic, the result of auscultation of the 
abdomen, and X-ray examination all help to make 
the important differential diagnosis of this condition 
from a true mechanical obstruction. . 

3. That there should be a careful consideration 
early in every case of paralytic ileus, as to whether 
or not a mechanical obstruction is present. The 
paralytic ileus can be a final stage of a neglected 
mechanical obstruction. If this is the case, and it ‘s 
not promptly relieved, no exhibition of drugs, 
intestinal intubation, or other treatment will save 
the patient’s life. 


A BASIS OF RATIONAL TREATMENT 


Prophylaxis.—As the result of this clinical 
study and concept of paralytic ileus, the following 
treatment is advocated :— 

1. No cathartics should be given before operation. 

2. Gentleness of manipulation during operation ; 
the avoidance of peritoneal contamination with 
pus, particularly in cases of localized appendicular 
abscess; as few surfaces denuded of peritoneum as 
possible should be left which might give rise to a 
reflex inhibition of intestinal movements, and packing 
should never be left in the peritoneal cavity. 

3. In the first twelve hours following an opera- 
tion, fluid should not be ‘ forced ’, since the stomach 
at this stage usually empties very slowly, and the 
intestines do not move to enable absorption to 
occur. Sipping of fluid at this stage must lead to 
swallowing of much air, which has been shown to 
be one of the main constituents of the ‘ gas’ in 
ileus. 

4. In the immediate post-operative phase the 
giving of atropine and barbiturates should be kept at 
a minimum, and morphine should be substituted 
for these drugs. 

5. Stimulation by enemas, pituitrin, eserine, etc., 
should not be carried out during the first or second 
stages of the ‘active’ ileus which usually follows 

12 
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any abdominal operation. Such treatment should 
be given only when there is some certainty that the 
third stage has been reached. This means that the 
hearing of abdominal borborygmi is not an indication 
for immediate stimulation. If it is accepted that 
the first returning bowel movements are irregular 
and unco-ordinated, it is unwise to give enemas or 
pituitrin until all danger of this stage has passed ; 
usually this is after the third day. Since no harm 
results from leaving the bowels unopened for five, 
six, seven, or more days, it is in the author’s opinion 
safe to give an enema any time after the fourth day, 
when the patient feels as if his bowels need opening. 
In many cases he has found that after the fourth 
day the bowels open normally without the aid of an 
enema or cathartics. 

Where there is a possibility of the development 
of any grade of peritonitis and/or ileus, it would 
appear to be a good practice to put the patient on 
4-4 gr. of morphine four-hourly for its action in 
increasing the tone and the mixing movements 
while decreasing the propulsive bowel movements, 
and to administer penicillin and sulphonamides 
rather than enemas. 

The following case histories, chosen from a 
number, illustrate the effect of repeated injections 
of morphine, 4 gr., given strictly four-hourly to 
cases of incipient ileus—that is, cases in which 
distension and vomiting are present. They also 
illustrate the fact that when morphine injections are 
given for four or five days the bowels often open 
spontaneously. 


Example 36.—A woman aged 59 years had had four 
previous operations for obstruction and adhesions 
following an original operation of hysterectomy. When 
seen on this occasion she had been vomiting for a day, 
was considerably distended, and repeated enemas had 
produced no result. At operation numerous adhesions 
were divided throughout the lower small bowel. Follow- 
ing operation she had no audible bowel movements for 
two days, and after this she became somewhat distended. 
She was given } gr. morphine four-hourly, and her 
bowels opened without aid on the sixth day after operation. 


Example 37.—A man aged 35 years had an operation 
for acute appendicitis and generalizing peritonitis. A 
drainage tube was inserted. On the second day, when 
he became somewhat distended, 4 gr. morphine was 
given four-hourly. His bowels were opened with a 
small enema on the fifth day after operation. 


Example 38.—A man aged 59 years was operated upon 
for gangrenous appendicitis and general peritonitis. He 
became somewhat distended on the second post-operative 
day, when sounds could be heard in the abdomen. He 
was then given } gr. morphine four-hourly. Following 
this the distension became less, he lost his feeling of acute 
abdominal discomfort, and his bowels were opened on 
the sixth day without the aid of enemas. 


Example 39.—A woman aged 30 years had an operation 
for acute appendicitis with generalizing peritonitis. She 
was much distended before operation, and following 
operation continued to vomit and show marked distension, 
though she had tumultuous abdominal sounds on auscul- 
tation after the second day. She was given 4 gr. morphine 
four-hourly. Her vomiting then ceased and her disten- 
sion improved a little. Her bowels were opened six 
days later, after a small enema. 


Example 40.—A woman aged 59 years complained that 
five hours before being seen she began to have colicky 
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pains across the umbilical area, and soon after this to 
vomit. An indefinite mass could be felt above ani to 
the left of the umbilicus. At operation a strangulated 
hernia into the paraduodenal fossa was reduced. It was 
only after considerable deliberation that it was decided 
not to resect. On the second day after operation 
she became distended; % gr. morphine was given 
four-hourly, and from then her convalescence was 
satisfactory. 


Treatment of Fully Developed Paraiytic 
Ileus.—If distension is present and there are no 
movements to be found on auscultation, the patient 
has developed a paralytic ileus, and if he is not very 
distressed or upset, it is reasonable to treat him by 
giving morphine, 3 gr. four-hourly, by passing an 
indwelling duodenal tube, and by attention to his 
fluid balance and serum protein concentration. 

But in the case of a fully developed ‘ irreversible’ 
paralytic ileus where the patient is very sick and 
distended, there is no question but that the use of 
the Miller-Abbott tube together with replacement 
therapy is the only way to save his life. It is also 
the only means by which an overdistended bowel 
can be reduced in calibre (that is, by the suction of a 
‘ travelling ileostomy ’) to such a size that once more 
normal absorption from the loops can be established. 
It is in fact the only way of breaking the vicious 
circle of distension and lack of absorption in the stage 
of ‘ irreversible ’ ileus. 

The adoption of the Miller-Abbott tube method 
often hinges on the difficulty of introducing the tube. 
The methods which will facilitate its introduction 
have been discussed in detail in a paper by John 
Devine (1945). There are very few cases in which 
with patience and practice it cannot be introduced 
with reasonable certainty into the duodenum by 
one of the methods described. Since the Miller- 
Abbott tube is the only means of curing a fully 
developed irreversible paralytic ileus, its introduction 
should be certain. Yet all figures quoted show that 
in a large number of the cases the tube could not 
have passed through the pylorus. Thus Smith 
(1945) mentioned that, despite the use of mercury 
in the balloon, for 1000 cases where intubation was 
attempted there were 221 failures. Other authors 
also publish a high percentage of failures. 

In the present series of 43 successful intubations 
41 were successful by the oral route. In this series 
were two cases in which the patients had a paralytic 
ileus, and were desperately ill, One had had the 
tube successfully passed twice before, but he had 
become so ill that it could not be passed a third time 
orally. The other had three times pulled out a 
tube which had been successfully introduced through 
the nose. In both instances the tube was then 
introduced through a small jejunostomy opening 
made under local anesthesia. 

To introduce the Miller-Abbott tube through a 
jejunostomy opening, when there is difficulty in 
passing it through the pylorus, is a logical procedure. 
It has been pointed out that an ileostomy in these 
patients is not sound treatment ; in one case paralytic 
ileus actually developed after this operation. It 1s 
logical, therefore, that if in a desperately ill patient 
a Miller-Abbott tube, which provides a ‘ travelling 
ileostomy’, cannot be passed by the normal way; 
and is needed for the patient’s recovery, it should be 
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introduced through a jejunostomy. Temporary 
jejunostomy has been practised as a routine following 
gastric operations by some surgeons who prefer it 
to subjecting their patients to the annoyance of a 
nasal Abbott-Rawson tube. The opening in the 
jejunum should, however, be made as high as possible 
so as to empty the whole jejunum. In both the 
cases cited below, the Miller-Abbott tube success- 
fully emptied the small intestine and reduced the 
distension. But in the first case death occurred 
later from an operatively unrelieved mechanical 
intestinal obstruction ; and in the second from lung 
embolus. There does not appear to be any mention 
in the literature of this route for the introduction of 
the Miller-Abbott tube, which in many cases may 
be preferred by both surgeon and patient to the 
usual oral method. 


Records of Cases in which the Miller-Abbott Tube 
had to be Introduced through a Fejunostomy.— 


Example 41.—There had been bleeding following a 
gynecological operation, and packing had been introduced 
into the pelvis, resulting in a paralytic ileus which was 
relieved by intestinal intubation with a Miller-Abbott 
tube in the normal manner. Peritonitis developed four 
or five days later and a Miller-Abbott tube was again 
passed. After four days more this appeared to have been 
controlled by chemotherapy and the tube was removed. 
However, distension once more occurred, and on this 
occasion, as the patient was very ill, it was found impossible 
to get the tube to pass the pylorus, though by means of a 
stylet and X-ray control it was kept against the pylorus 
for twenty-four hours. The tube was then passed 
through a jejunostomy under local anesthesia, and eight 
hours later the first peristaltic movements were noticed 
on the recording apparatus, and thenceforth the tube 
was introduced at the rate of 4 in. an hour. Gas and 
fluid were withdrawn and the distension relieved. Subse- 
quently the patient was operated upon under a local 
anesthetic and a mass of adherent intestines was found 
and an ileostomy performed. Pneumonia supervened 
and death occurred several days later. 


Example 42.—The case of a boy aged 19 years, who had 
an ileostomy performed as a preliminary to colectomy. 
Paralytic ileus supervened on the fourth day. On the 
fourth night the Miller-Abbott tube was passed, and by 
next morning was apparently coiled in the stomach and not 
through the pylorus (Fig. 239). Further attempts were 
made to pass the tube through the pylorus, and by that 
evening it was apparently through. However, at this stage 
the patient pulled out the tube. It was again introduced, 
and again after six or seven hours, when it appeared to 
be through the pylorus, it was pulled out by the patient. 
On the sixth post-operative day, under local anesthetic, the 
tube was introduced through a jejunostomy (Fig. 240). A 
small right upper paramedian incision was made, and a 
very dilated dusky loop of intestine presented. This 
was deflated with a hypodermic needle fitted to the 
sucker, and then this was sewn into the peritoneal opening 
with a continuous catgut suture. Two purse-strings 
were then put in the bowel, which was opened, and the 
Miller-Abbott tube introduced to a distance of 3-4 in. 
A long silk suture was then attached to a big bite of 
bowel and let out through the wound so that when the 
tube was being pushed in counter-traction could be 
made on the thread. The wound was sewn up in the 
Usual way. 

Four hours after the operation, peristalsis was observed 
on the recording mechanism (Fig. 238), and thereafter the 
alloon was introduced at the rate of 3 in. an hour, and 40 
02. of fluid of a dark-brown colour was removed, together 
with the passage of much flatus, and the distension of the 
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lower abdomen disappeared (Fig. 237). However, the 
upper part of the abdomen remained distended, and when a 
nasal Rehfuss tube was passed, it removed 128 oz. of dark- 
brown stomach contents. Following removal of these 
contents, peristalsis in the small intestine became much 
more marked. The patient was, meanwhile, given intra- 
venous serum and saline in an endeavour to catch up on 
the huge negative fluid balance. 

After two days of intestinal decompression by the 
Miller-Abbott tube through the jejunostomy opening, 
the tube was withdrawn to the 75-cm. mark and the 
patient fed with 2 oz. of glucose egg-flip every two hours 
through the suction lumen. His condition appeared to 
improve, but large quantities of fluid were still being 
periodically sucked out of his stomach. Successive 
gastric aspirations removed 100, 60, and 28 oz. 

On the ninth post-operative da”. three days after the 
intestinal intubation through the jejunostomy, the patient 
once more became slightly distended, and when the 
balloon was blown up no peristalsis was observed. At 
this stage another attempt was made to pass a second 
Miller-Abbott tube through the stomach from the mouth. 
This had successfully passed the pylorus when the patient 
(always difficult) pulled out the tube once more. After 
a difficult twelve hours, during which no peristalsis could 
be recorded from the balloon on the Miller-Abbott tube, 
which had been introduced through the jejunostomy, 
peiistalsis once more commenced, and again the Miller- 
Abbott tube was passed through the smal! intestine at 
the rate of 4 in. an hour, this time removing much more 
normal looking small-bowel contents. The ileostomy 
below now commenced to work, and after the small 
intestine had been emptied by the Miller-Abbott tube 
it was withdrawn to the 75-cm. mark and used as a 
jejunostomy feeding tube and the patient fed two-hourly 
with glucose egg-flips. 

On the eleventh day the patient had a perfectly flat 
and soft abdomen, and jejunostomy and ileostomy were 
both acting freely, but on the twelfth day he died suddenly 
from lung embolus. 


This case illustrates the fact that the jejunostomy 
method of introduction of the tube is useful 
because besides being a method of introduction 
of the tube in difficult cases, it forms a useful way 
of feeding the patient in a case with acute gastric 
dilatation. 

It should be pointed out that the Miller-Abbott 
tube should not be used for all cases of incipient 
ileus, as there are difficulties and dangers in its use. 
Also it is unpleasant for the patient to have for a long 
time an indwelling tube of fairly thick calibre which 
gives rise to pharyngeal and laryngeal irritation and, 
if used intranasally, to marked rhinitis. However, 
in the ‘ irreversible’ stages of ileus, its employment 
should not be withheld too long. Further, it is no 
more annoying to the patient than an ordinary 
stomach tube, and even if it is not made to pass out 
of the stomach to the small bowel, it at least does the 
work of a stomach tube and has the potentiality of 
doing more. 

Replacement Therapy.—The patient with 
paralytic ileus is indeed a ‘ test-tube baby ’, for when 
large amounts of fluid are withdrawn suddenly from 
the bowel, sudden dehydration and a condition 
resembling shock may supervene. Though the 
intestinal fluid is theoretically outside the circulation, 
there appears to be a constant ‘ give and take’ of 
fluid through the bowel wall, which appears to be 
less selective and more “‘ permeable ” as a result of 
distension. 
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The route of replacement is important. Since 
saline, glucose, and serum are usually required, the 
intravenous route is the one of choice. 
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FiG. 237.—Example 42. 


Careful charting of the fluid balance is essential 
—it is too late when cedema or crepitations at the 
lung bases herald hyperhydration. 

Glucose is probably absorbed in the colon in 
amounts insufficient to stimulate the pancreas, and 
if anything lowers the blood-sugar (Ebeling, 1933 ; 


| Time in Minutes 





Fic. 238.—Example 42. To show the first movements commencing five hours after laparotomy under local anesthetic 
to place the Miller-Abbott tube in the jejunum. 





Fic. 239.—Example 42. Showing Miller-Abbott tube 
coiled in the stomach and small stomach pressed up under the 
diaphragm by distension. 
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Pressman, 1930), but the higher the concentr»tion 


of saline the slower the absorption ; therefore it js 
better to give tap water. In any case, if absorption 













To show the effect on peristalsis of distension of the stomach and its relief at point A. 


is not immediate it may act as a bowel wash-out and 
stimulate small-bowel peristalsis. 

Serum should be administered as the serum- 
protein is usually low. A very quick estimation of 
the serum-protein concentration can be made by the 
copper sulphate method, which has been used as a 
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Fic. 240.—Example 42. The tube has been introduced into 
the loop of jejunum through the jejunostomy made in the 
abdomen under a local anesthetic. The lower abdomen 1s 
being compressed, but several loops of upper jejunum can 
still be seen to have a ladder pattern present. 
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PARALYTIC 


routine by the author in all cases where intestinal 
intubation has been performed (Van Slyke et al., 
1944). This method requires at most 2 c.c. of 
blood and takes about a minute to centrifuge, after 
which a drop of the serum or plasma is dropped off 
a pipette into copper sulphate of various strengths. 
Copper sulphate and the protein in the serum form 
an insoluble compound, and for twenty or thirty 
seconds the drops either rise or fall, depending on 
whether they are in a solution of equal specific 
gravity or not. They then dissolve and the solution 
can be used again and again. Knowing the density 
of the solution in which the drop hangs suspended, 
the specific gravity of the serum or plasma is immedi- 
ately apparent, and from it the serum-protein or 


6c 
a 50 
40 
30 
20 


Hours 
Time 
Date 


Positive + Fluid by mouth, intravenous fluid, fluid by rectum. 
Negative — Fluid vomited, fluid aspirated by tube, urine, drainage, sweat. — . 

Total plus and total minus added at the end of each twelve hours and plotted on graph, indicating fluid balance compared with when graph 
was started. 
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concentration is undesirable (Shay, Gershon-Cohn, 
Fels, and Munro, 1940). 

The most striking evidence of the duodenal 
absorption of glucose occurred when, as a result of 
a congenital defect, a baby had only a few inches 
of duodenum brought out on to the abdominal wall 
and no remaining small bowel. Marked rise in the 
blood-sugar level occurred when glucose solution 
was fed into the duodenum. (Hendtlass, 1943.) 

When the Miller-Abbott tube is down the in- 
testine it is most desirable that the patient be given 
a high-carbohydrate and high-protein diet. A most 
useful method of accomplishing this has been the 
giving of glucose egg-flips made with citrated milk. 
This solution has also been used in two cases in 





Fic. 241.—To show how the fluid balance was recorded in a case of paralytic ileus—intravenous fluids were being 
administered continuously—a Miller-Abbott tube was passed at A. 


plasma-protein concentration can be read off on a 
table. The patient is also put on a water balance 
chart (Fig. 241). 

Serum should be given at the rate of at least a 
litre a day, even though the serum-protein is not 
initially low, as very little serum is being absorbed 
from the bowel. 

Wood and Bick (1941) found sodium chloride 
deficiency and some degree of acidosis in six of the 
cases they studied of paralytic ileus obstruction. 
Chew Smith and Van Beuren (1943) state that with 
the Miller-Abbott tube during the acute phases of 
ileus fluid replacement should average 2900 c.c. 
per day. 

Quite apart from the value of serum and sodium 
chloride solutions in replacement therapy, they in- 
crease intestinal peristalsis. 

The type of intravenous saline and glucose used 
should be considered. It has been found that the 
average salt content of the intestinal fluid removed 
in obstruction is 06 per cent (Abbott, 1942). Thus 
it is usual to give two litre flasks of 5 per cent glucose 
in saline followed by one of 5 per cent glucose, thus 
giving back to the patient a fluid with the same 
amount of saline content as the aspirated fluid, and 
thus restoring the fluid and saline balance. 

When the Miller-Abbott tube has passed down 
the bowel from the stomach the patient may be fed 
above the tube, for glucose at least is absorbed in the 
duodenum and upper jejunum, but too high a glucose 


which the Miller-Abbott tube was introduced 
through a jejunostomy. 

When a tube is down, there is a marked loss of 
bile-salts, which may be replaced by capsules 
containing bile-salt given by mouth. Vitamins B 


and C are also indicated. 


SUMMARY 


1. The results of the clinical study of a number of 
cases of paralytic ileus, and of 43 cases in which 
intestinal intubation with the Miller-Abbott tube 
was performed, and of a number of observations on 
patients with ileostomies and jejunostomies and 
X-ray observations, are presented. 

2. True or idiopathic post-operative paralytic 
ileus is rare. It is a dangerous diagnosis to make in 
a case of post-operative ileus ; for it often serves as 
a solace to the pride, and prevents a correct 
diagnosis of the real cause till it is too late for 
appropriate treatment. 

3. As a result of a study of drugs and procedures 
that might influence small-bowel motility in the 
prevention or treatment of paralytic ileus, it was 
found that :-— 

a. Heat or turpentine stupes on the abdomen had 
no effect on bowel movements. 

b. Barbiturates (luminal) decreased peristalsis and 
tone. 

c. Penicillin and sulphonamides did not materially 
affect peristaltic movements. 
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d. Over-distension of the stomach caused loss of 
tone and decreased movement of the small bowel. 

e. Stimulation of the large intestine by enemas 
also stimulated the small intestine, even when this 
was completely isolated from the colon. 

4. By far the most frequent cause of a post- 
operative ileus is a degree of post-operative intra- 
abdominal infection. 

5. From a study of Miller-Abbott recordings and 
abdominal sounds in regard to the return of intestinal 
movements after operation, and the return of these 
movements during recovery from paralytic ileus, 
emanates what the author regards as an important 
hypothesis: viz., that there are three phases of ileus : 
Stage 1, in which the movements are active, co- 
ordinated, responsive to stimulation, and effective ; 
Stage 2, when they become irregular, inco-ordinated, 
and are ineffective ; and Stage 3, when the intestinal 
movements disappear and completely fail—in other 
words a fully-developed paralytic ileus. Stimulation 
in the second stage will often precipitate a fully- 
developed paralytic ileus. 

6. A rational scheme of prophylactic and active 
treatment for paralytic ileus is based on these three 
stages. 

7. Two cases in which the Miller-Abbott tube 
was introduced through a jejunostomy under local 
anesthetic are reported. It is considered that in 
desperate cases jejunostomy and the introduction of a 
Miller-Abbott tube into the bowel by this route is 
more logical than ileostomy, which drains only the 
loop in which the opening is placed. 

8. In view of the potential danger of such weapons 
as the enema and cathartics when given at the wrong 
stage, the delegation of the responsibility for their 
use to the nursing staff is much to be deplored. 


I wish to thank Professor R. D. Wright, of 
Melbourne University Physiology School, for never- 
failing help and stimulative criticism, and the many 
nurses and sisters, particularly those of the ‘‘ Mercy ” 
Hospital, for their help in the arduous nursing and 
detailed recording. 


APPENDIX 
Adynamic I[leus.— 
I. Ini-a-abdominal :— 
A. Peritoneal irritation :— 
1. Traumatic :— 
a. Post-operative. 
b. Penetrating wounds. 
2. Bacterial: Peritonitis. 
3. Chemical :— 
a. Extravasation of blood. 
b. Perforated peptic ulcer. 
c. Bile peritonitis. 
d. Acute pancreatitis. 
B. Vascular changes:— 
1. Strangulation :— 
a. Intramural : Distension 
following mechanical ileus. 
b. Extramural: | Compression of 
the mesenteric vessels. 
2. Mesenteric thrombosis. 
C. Extraperitoneal irritation :— 
1. Hemorrhage. 
2. Infection. 
3. Renal. 
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II. Extra-abdominal :— 
A. Toxic :— 
1. Pneumonia. 
2. Uremia. 
3. Empyema. 
4. Systemic infection. 
B. Neurogenic :— 
I. Injuries and diseases of the spinal 
cord. 
2. Lead poisoning. 
3. Fracture of the lower ribs. 
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RECONSTRUCTION OF BICEPS BRACHII BY PECTORAL MUSCLE 
TRANSPLANTATION 


By JOHN M. P. CLARK 


HON. ASSISTANT ORTHOPADIC SURGEON, LEEDS GENERAL INFIRMARY 


THE problem of reconstituting the biceps brachii 
arises most often in dealing with the aftermath of 
anterior poliomyelitis and only occasionally as a 
result of trauma. More or less complicated pro- 
cedures have been described, but the operation 
which is the subject of this paper is technically 
simple to perform and, in the one case in which 
it has been tried, the result has proved satisfactory 
enough to suggest that it might, with advantage, 
be more widely employed. 

The pectoralis major has been called by Keith 
‘the climbing muscle’ and it was conjectured that 
such an action could still be used after the origin of 
the muscle had been transferred to the biceps tendon 
in the arm providing the nerve-supply of the trans- 
planted fibres could be kept intact. In mammals, 
Keith (1933) describes a third pectoral muscle— 
the pectoralis externus—arising from the fourth, 
fifth, and sixth ribs and costal cartilages beneath the 
axillary border of the pectoralis major—and states 
that in man this muscle is commonly fused with, 
and forms part of, the pectoralis major. On the 
basis of this statement it seems reasonable to expect 
the outer portion of the pectoralis major to have a 
nerve-supply separate from the remainder and that 
it would be possible to construct a viable transplant 
from this part of the muscle. These arguments 
appear to be justified by the findings at operation 
and by the clinical result of the operative procedure 
founded upon them. 


CASE REPORT 


On Oct. 14, 1944, a German soldier sustained a shell 
wound of his left upper arm which caused extensive 
laceration of the biceps and coracobrachialis muscles with 
* musculospiral nerve palsy. By the time the patient had 
reached a casualty clearing station gas gangrene had 
developed in the damaged muscles. On Oct. 15 the 
wound was excised and the biceps and coracobrachialis 
muscles were completely removed ; the torn ends of the 
musculospiral nerve were seen. The wound was left 
open. 180,000 units of anti-gas gangrene serum were 
administered and a course of penicillin given intramuscu- 
larly for four days. One month later secondary suture 
of the wound was performed and satisfactory healing 
was obtained. A full range of passive movement was 
maintained in the elbow, wrist, and finger-joints ; the 
musculospiral palsy was complete in the forearm and the 
action of the triceps was weak. 

Five and a half months after wounding tendon trans- 
plantation was performed to restore extension of the 
wrist and digits. The result was satisfactory, but supina- 
tion was weak and pronation absent. At the elbow there 
was no active flexion, but by a combination of weak 
triceps action and gravity full extension was present. 

The use restored to the hand was such that the patient 
was anxious that something should be done for his arm. 
Reconstruction of the biceps was therefore undertaken 
by the method to be described. 

OPERATIVE TECHNIQUE.—The patient was placed in a 
supine position with the affected arm half abducted and 
supported in full extension on a side table. The first 


incision reached from the level of the apex of the axilla 
distally along the axillary border of the pectoralis major 
to the seventh rib. The skin and superficial fascia were 
reflected to expose the underlying pectoral muscle and to 
define its lateral border and its lower costal attachment. 
The origin of the exposed muscle from the anterior sur- 
face of the sixth rib, together with its covering fascia, 
was detached to provide a piece of tissue 24 in. wide, 
By separating the pectoral fibres along a line parallel to 
the muscle’s axillary border a transplant large enough 
to act as a substitute for the biceps was isolated. One 
of the main terminal branches of the lateral anterior 





Fic. 242.—Showing the pectoral muscle turned upwards, 
exposing the lateral antericr thoracic nerve. 


thoracic nerve, which first appears at the level of the 
intercostal space between the third and fourth ribs, runs 
distally along the deep aspect of the lateral part of the 
great pectoral muscle and supplies it ; its calibre is about 
equal to that of an intercostal nerve. As the separated 
part of the muscle was turned upwards the loose fascia 
under it was stretched and the nerve assumed an approxi- 
mately horizontal position and was easily seen and pre- 
served (Fig. 242.). 

A second incision was then made on the anterior 
aspect of the lower third of the upper arm and the remains 
of the biceps tendon were exposed and mobilized. With 
the aid of a pair of long-bladed forceps thrust up from 
the incision in the arm a subcutaneous tunnel commun! 
cating with the upper end of the first incision was 
fashioned, through which the pectoral transplant was 
threaded. The lower part of the chest incision was then 
sutyred, leaving sufficient of the upper part open to allow 
the tension on the nerve supplying the transplanted 
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RECONSTRUCTION OF BICEPS 


muscle to be observed during the remainder of the opera- 
tion. It was found that the transplant could not be 
drawn down the arm to its fullest extent because its 
nerve became stretched over the floor of the axilla even 
when the arm was fully adducted. The elbow was then 
flexed to a right angle and the tendon stump was looped 
through the distal end of the transplanted muscle and 
sutured to itself. Additional sutures were used to close 
the breach in the muscle and to fix it securely to the 





FIG. 243.—The muscle transplant completed. 


penetrating tendon. (Fig. 243.) As shown in the dia- 
gram, the direct line of pull of the transplant was a little 
interrupted by the medial bulge caused by the stretched 
nerve, but there was no portion of the muscle sufficiently 
slack to suggest that its power would be vitiated. The 
incisions were closed and the arm was placed in a sling 
with the elbow maintained at a right angle. 





Fic. 244.—Showing the arm fully extended. 
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POST-OPERATIVE COURSE.—As soon as the patient was 
allowed out of bed he noted that, when walking and 
swinging his uninjured arm, he felt a little tug on the 
opposite forearm in the alternating phase of the swing. 
This demonstrated the integrity of the nerve-supply of 
the transplant, and kindled the patient’s enthusiasm 
past damping. Immobilization in the sling was continued 
for three weeks and then, after removal of the skin sutures, 
active movements within the sling were started. The 
wounds were healed. 

Six weeks after the operation full extension at the 
elbow was short only by 20° and active flexion to 70° was 
attainable ; the transplant was palpably increased in size. 
Two weeks later the patient succeeded in flexing his elbow 
actively against a 74-lb. resistance from its position of 
greatest extension to 20° short of a right angle—an 
excursion of 50°. The substitute muscle was now about 
three times its former size and on contraction closely 
simulated the action and appearance of the normal biceps. 
The arm was being used daily in the performance of 
sundry domestic duties. 

Sixteen weeks after the operation the patient was 
repatriated, but before leaving he was examined by 
Major A. S. Bullough, R.A.M.C., who reported that 
full active flexion of the elbow was short only by 15° 
and that full extension was short by 5°, and he estimated 
that the power of flexion was 40 per cent of normal. 
Flexion of the elbow was accompanied by a shrugging of 
the shoulder, but the patient had grown accustomed to 
this action and could easily initiate the movement 
required. Photographs of the arm in positions held 
actively were also taken (Figs. 244, 245). 


SUMMARY 


1. A portion of pectoralis major was used as a 
transplant to replace the biceps brachii which had 
been destroyed. 

2. The operative technique is described. 

3. The case is reported fully. 
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Fic. 245.—Showing the arm flexed to a right angle. 
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TRIPLICATE URETER 
By IRVINE SMITH 


LATE HOUSE SURGEON, HOSPITAL FOR SICK CHILDREN, GREAT ORMOND STREET 


THE incidence of duplication of the ureter (double 
and bifid ureters) is sufficiently common to lead any 
urologic clinic to expect at least a few cases each 
year, and has been reported in 0-5 per cent of 
autopsies (136 out of 26,480) by Meredith Cambell 
(1937) in his exhaustive book. Triplication (triple 
and trifid ureters) is, however, much rarer ; Cambell 
found only 3 cases, those referred to and substantiated 


Fic. 246.—Cystogram with patient upside down, show- 
ing two kinked hydro-ureters and two renal pelves. 


by Lau and Henline (1931), who also collected 
references to inadequate records of 3 other cases. 

One new case of trifid ureter is therefore des- 
cribed here, and 10 previously recorded cases of 
triple and trifid ureter, together with 3 cases which 
showed more than three ureters on one side, have 
been collected, summarized, and briefly discussed. 


CASE REPORT 


C. P., a female aged 6 months, was brought to the 
Hospital for Sick Children on May 9, 1945, complaining 
of (1) frequent clay-coloured motions, (2) apparently 
painful defecation. She had weighed 8 lb. at normal 
delivery at full term, had been breast-fed for two weeks, 
and since then had been on Cow & Gate (F.C.). 

Examination showed a moderately ill baby weighing 
13 lb. 5 oz.; scratch marks on scalp; abdomen tense 
and swollen with palpable hard masses of feces; anus 
extremely tight; rectum very full; the urine contained 
albumin, pus, and B. coli. The mouth, fauces, tonsils, 
ears, chest, and heart were clinically healthy. The 
urinary infection was considered to be secondary to the 
alimentary stasis. 


Intermittent dilatation of the anus, aperients, and 
rectal wash-outs soon restored the bowel to normal. 4 
later attack of gastro-enteritis cleared up after a fortnight, 
but the urine was not sterilized by two consecutive courses 
of sulphathiazole with mist. pot. cit. alk., or by a subse- 
quent course of mandelates with sod. acid. phosph, 

On June 20 the urine still contained 70 mg. albumin 
per 100 c.c., and grew Ps. pyocyaneus as well as B. coli, 
and the blood-urea was 37 mg. per I00 c.c., so the patient 


Fic. 247.—Retrograde pyelogram showing normal ureter 
and pelvis on the right. 


was transferred back to Great Ormond Street for further 
investigation. 

A cystogram with the patient tipped head downwards 
showed a normal bladder outline with two widely dilated 
and kinked ureters on the left side (Fig. 246). Cystoscopy 
on July 6 showed considerable cystitis, but only two 
ureteric orifices. The left orifice gaped considerably. 
Retrograde pyelography showed a normal ureter and pelvis 
on the right, though the pelvi-ureteric angle was a little 
accentuated (Fig. 247). 

Left Nephro-ureterectomy was performed through a 
left loin incision by Mr. T. Twistington Higgins 00 
July 18. The two dilated upper ureters were found 
arising one above the other from the upper pole of the 
kidney. A third ureter of normal dimensions an 
appearance was found arising from the lower pox 
(Figs. 248, 249). ‘The appearance of the kidney suggested 
the possibility of two closely apposed kidneys. Subse- 
quent dissection failed to prove this, but showed that the 
upper pole containing the upper two pelves consisted 0 
whitish and scarred tissue without any characteristic 
naked-eye renal pattern, while the lower two-thirds 
were pinker, with normal cortical and medullary patterns. 
The three pelves arose separately one above the other 
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the middle plane of the kidney (Fig. 250). At operation 
the ureters were dissected free as low as possible and 
divided at about I in. above the bladder. Down to this 

int the two thick ureters were enclosed in a common 
fbrous sheath, while the single healthy ureter remained 
quite separate from and lateral to the other two. How 
they entered the bladder could not be seen from above, 
put cystoscopy had showed only one ureteric orifice on 
ach side, so it is assumed that this was a trifid ureter, 


Fic. 248.—Kidney, as removed, showing the ends of two 
thickened dilated ureters and a third normal ureter. 


Fic. 249.—Kidney showing two hydro-ureters from 
upper pole enclosed in a common fibrous sheath. 


with the components uniting just above or actually 
in the bladder wall (Fig. 252, K). 

Convalescence was complicated only by recurrence of 
slight feecal retention and the baby was discharged home 
on July 31, aged 84 months, with the urine sterile and 
free from albumin, and the general condition very good. 


TYPES OF TRIPLICATE URETER 


If three ureters arise from a kidney: (1) they 
may open into the bladder (or urethra or elsewhere) 
independently through three orifices, viz., complete 


a b c d 
Fic. 251.—Types of triplicate ureter: (a) Triple; (6) 


Double with one bifid; (c) Trifid ; (d) Double, with ‘ inver- 
sion Y’ bifurcation. 


tiple ureter (Fig. 251, a); two ureters may unite, 
leaving only two orifices, a condition I have called 
Double ureter with one bifid’ (Fig. 251, b)—I 
can find no record of any case showing a double 
ureter with both bifid; (3) all three ureters may 


unite and drain through a single orifice, viz., ‘ trifid 
ureter’ (Fig. 251, c). If two ureters arise from a 
kidney, the bifurcation of one of them before it 
reaches the bladder would constitute a triple ureter ; 
such inverse Y bifurcation has been reported four 
times in association with reduplicated ureters 
(Cambell, 1937), and it is possible that Chwalla’s 
case (see below) is of this type (Figs. 251, d, 252, C). 


Fic. 250.—Kidney, split in approximately the median 
plane, with a matchstick inserted through each pelvis into 
each ureter. 


PREVIOUSLY RECORDED CASES 


The following are summaries and diagrams of 
previously recorded cases arranged according to 
this scheme :— 

Triple. Ureter has been recorded four times, 
incidentally right-sided in each case. Only Case 1 
was satisfactorily demonstrated as complete, in Cases 
2 and 3 the origin of one ureter remained obscure ; 
in Case 4 there was a vulval ectopic ureteric orifice. 


Case 1 (Woodruff, 1941).—A man, aged 74, with right- 
sided triple ureter (Fig. 252, A) which was found acci- 
dentally with routine investigations prior to a routine 
prostatectomy. No symptoms. A complete case, the 
original article contains an excellent pyelogram showing 
all three pelves and ureters. 


Case 2 (Lau and Henline, 1931).—A negress, aged 52, 
with right-sided triple ureter had complained of frequency, 
dysuria, with lumbar and crural pain for four years. 
Cystoscopy showed three ureteric orifices on the right. 
The first and second secreted dye in 10 min.; the third 
none, and could not be catheterized beyond 1 cm. 
Retrograde pyelography showed the first two draining a 
double kidney, and the third ending in an irregular small 
cavity in front of the lumbosacral junction. This was 
taken to represent an ectopic mal-developed accessory 
right kidney (Fig. 252, B). 


Case 3 (Chwalla, 1935).—A man, aged 41, with a 
right-sided triple ureter was a tabetic being investigated 
for vesical calculi. Cystoscopy showed three ureteric 
orifices on the right, all secreting dye in 3-4 min. Intra- 
venous pyelography showed on the right three ureters, 
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but only two renal pelves. Retrograde pyelography 
suggested that the two lateral ureters both drained the 
lower pelvis, and possibly represented the bifurcation 
of a single ureter at the level of L.4—5 disc (Fig. 252, C). 
The patient refused further investigation. 
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Case 5 (Wrany, 1870).—A girl, aged 3, with left-sideg 
double ureter, one bifid, died of encephalitis and chronic 
subdural hematoma. Autopsy showed the left kidney 
rotated hilum forwards, with two pelves arising side by 
side in the lower half of the kidney, each giving rise to 
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FIG. 252.—Diagrams showing the arrangement of the ureters in the cases reported. 


Case 4 (Burt et al., 1941).—A girl, aged 17, with right- 
sided triple ureter was being investigated for incontinence 
since birth. Cystoscopy showed two ureteric orifices 
on the right, but intravenous injection of dye revealed 
a pin-point orifice in the vulva just to the right of the 
urethral meatus. Jntravenous pyelography showed three 
pelves and three ureters on the right, the upper one being 
very dilated and leading to the ectopic orifice (Fig. 
252, D). Operation showed three ureters arising from 
the pelves of a normal kidney. 


Double Ureter with One Bifid has been 
recorded twice; in each case the lower ureter was 
bifid and the upper was separate. 


normal ureter. These united 4 in. below the kidney. 
A third pelvis situated in the lower pole gave origin t0 
a thick-walled tortuous hydro-ureter, which ran down- 
wards lateral to the other two, crossed anterior to them, 
and opened into a membranous diverticulum of the 
bladder just above the urethra (Fig. 252, E). This 
diverticulum, hydro-ureter, and upper pelvis wet 
heavily infected and the corresponding renal tissue Wa 
hydronephrotic. 


Case 6 (Miller, 1938).—Miss H., with right-sided 
double ureter, with one bifid, complained of backache; 
and her urine grew B. coli. Cystoscopy showed two 
ureteric orifices on each side. Retrograde pyelograph) 
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snowed three pelves and three ureters on the right ; the 
two lower ureters, after crossing high up, united in front 
of the sacro-iliac joint (Fig. 252, F). 


Trifid Ureter has been recorded four times. 
The pattern of trifurcation was different in each 


case. 


Case 7 (Schmutte, 1929).—A man, aged 33, with 
right-sided trifid ureter, underwent an operation for 
sibcapsular hematoma. The specimen removed was 
asmall ectopic kidney, 7°5 x 3:2 cm., floating in a sub- 
apsular hematoma low down on the anterior surface 
of the psoas. One pelvis in the upper pole and two 
pelves side by side in the lower pole each gave origin 
toa normal ureter. Cystoscopy later revealed only one 
ureteric orifice on the right (Fig. 252, G). 


Case 8 (Frank, 1933).—A girl, aged 10, with left-sided 
bifid ureter and a patent interventricular septum, died 
of pneumonia after an operation for repair of epispadias. 
Autopsy showed three pelves arising one above the other 
from a normal sized left kidney. Each gave rise to a 
normal ureter, of which the upper and the lower united 
1 in. below the kidney, and were joined 2 in. farther 
down by the third, thus entering the bladder on the left 
through a normal single orifice (Fig. 252, H). 


Case 9 (Schréter, 1937).—The cadaver of a man, 
aged 60, with left-sided trifid ureter was dissected at 
Leipzig University. Each kidney has two “ hiluses ”’. 
The left upper hilus gave origin to a normal pelvis and 
ureter. The left lower hilus gave origin to two pelves 
and two ureters, one above the other and all appearing 
normal, except that the middle pelvis was much smaller 
than the other two. The two upper ureters united 
16 cm. below the kidney and were joined 6 cm. above 
the bladder by the third (Fig. 252, 1). 


Case 10 (Perrin, 1927).—A man, aged 41, with left- 
sided trifid ureter and an ectopic left kidney had three 
attacks of left lumbar pain with frequency and hema- 
turia. The urine grew streptococci. Cystoscopy showed 
blood coming from a single orifice on the left. Pyelo- 
graphy showed a sacral ectopic hydronephrotic small left 
kidney. Operation showed this lying in the hollow of 
the sacrum and giving rise to three ureters which soon 
united to form a small sac which drained into the bladder 
through one orifice and contained a large calculus. The 
outlets of the two upper ureters were obstructed by this 
stone. This specimen was demonstrated to the Royal 
Society of Medicine by Mr. Perrin on March 24, 1927 
(Fig. 252, J). 


Multi-branched Ureters have been reported, 
but the branching is usually very close to the kidney, 
and the ducts possibly extenuated calices of meta- 
nephric origin rather than true ureters. 


Case 11 (Neimeyer, 1814).—A full-term female 
fetus with four branches to its right ureter amongst 
Many other congenital deformities was the thirteenth 
infant of a woman of 40. Neimeyer’s diagram (repro- 
duced in a simplified form in Fig. 252, L) does not tally 
closely with his text, which, literally translated, reads 

.. . from the anterior side of the right kidney, which 
tesembles a renal pelvis, proceeded four tubules separating 
at some points and uniting at others and passing beneath 

€ rudimentary vagina. . .” 


Case 12 (Furstner, 1897).—A man, aged 62, with a 
ve-branched ureter died from pulmonary and miliary 
tuberculosis. Autopsy showed bilateral bifid ureters. The 


Upper right ureter arose “‘ . . . from five wide canals...” 
Which began in the five calices of the smaller partly 
separate ““ appendage of the right kidney ” (Fig. 252, M). 
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Case 13 (Cambell, 1937).—Bilateral six-branched 
ureters were found in an adult at autopsy at the Bellevue 
Hospital, New York. No further details were given 
(Fig. 252, N). 


DISCUSSION 


The clinical significance of these anomalies 
seems not much different from that of double 
ureters. In § cases (38 per cent) the condition was 
present without clinical manifestation. But there 
is an increased risk of obstructive hydro-ureter 
(3 cases) possibly leading to infection (3 cases), and 
pyonephrosis (2 cases). However, even if two 
badly infected ureters are found clinically, there 
remains the unexpected possibility, however remote, 
that a third and healthy may be found draining 
healthy renal tissue on the same side, as occurred 
in this new case. There is also an increased pre- 
disposition to stone formation (2 cases), and the 
tendency to association with other congenital 
abnormalities (3 cases), such as ectopic renal tissue 
(I case), aberrant renal vessels (I case), ectopic 
ureteric orifice (I case), and these may all cause 
trouble. 

The embryological significance I cannot fully 
assess. The theory that separate ureteric buds can 
arise independently from the primitive Woolfian 
duct seems to be supported by the existence of 
three ureteric orifices on one side of the bladder. 
The theory that complete double ureters may be 
formed simply by fission, however early,. of one 
ureteric bud seems to be supported by finding: 
(1) two ureters enclosed throughout their course 
in a common fibrous sheath (the third being separate), 
(2) two renal pelves lying side by side with each 
other as well as one above the other in the same 
kidney. This supports the present general opinion 
that either or both of these embryological faults 
may take part in the formation of ureteral anomalies. 


It is a pleasure to record my thanks to Mr. T. 
Twistington Higgins, O.B.E., for permission and 
encouragement to publish this case ; to the librarians 
of the Royal Society of Medicine and the British 
Medical Association for help with references ; and 
to Mr. Allevoyne, of the Photographic Department, 
Hospital for Sick Children, for his photographs. 
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THE low incidence of facial paralysis following 
operation for parotid tumour was emphasized by 
Hamilton Bailey (1941), who reported 6 cases, in 
5 of which the nerve escaped completely. More 
recently in a personal communication he records 
a series of over 30 complete or partial parotidectomies 
with only 2 cases of nerve damage. To account for 
these successes he cites the operative appearance 
of the gland, which in nearly all cases showed a 
large superficial lobe and a smaller deep lobe con- 
nected by an isthmus. Above and below the latter 
the primary divisions of the facial nerve could be 
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FIG. 253.—Medial aspect of parotid showing small deep 
lobe. Note that the trunk of the facial nerve is at first 
embedded in the substance of the superficial lobe, while the 
cervical branch also pierces the gland substance inferiorly. 
A, Parotid duct; B, Deep lobe; C, Trunk of nerve piercing 
superficial lobe ; D, Cervical branch piercing superficial lobe. 


seen running forward in the plane between the lobes. 
It was possible to remove the superficial lobe without 
disturbing the nerve in any way, and, when neces- 
sary, the deep lobe could also be extirpated by 
retracting the cervicofacial and temporofacial divi- 
sions of the nerve and extracting the gland tissue 
between them. On account of these observations, 
Hamilton Bailey suggests a revision of the standard 
anatomical descriptions of the gland, which make 
no mention of the bi-lobed nature of the organ. 
As far back as 1912 Gregoire showed that the 
parotid was divisible into superficial and deep lobes 
separated by the branches of the facial nerve. He 
stated that the two lobes were united above the 
nerve. Observing that there was no deep lobe in 
the three-months’ foetus, he suggested that upward 
extension of the gland was halted on reaching the 
base of the skull and that further growth resulted 
in an inward and then downward deflection of the 
gland, with consequent production of a deep lobe. 


McWhorter (1917) confirmed the bi-lobed nature 
of the gland, but found the connecting isthmus was 
situated not superiorly, but centrally, being em. 
braced above and below by the temporofacial and 
cervicofacial branches of the nerve. This is ip 
keeping with Hamilton Bailey’s observations at 
operation, but is incompatible with Gregoire’s 
theory concerning the origin of the deep lobe. More 
recently, McCormack, Cauldwell, and Anson (1945) 
have confirmed the existence of a centrally placed 
isthmus with branches of the facial nerve above and 
below it, but their report concentrates mainly on 


FIG. 254.—Lateral aspect of parotid, showing small super- 
ficial lobe and large deep lobe. A, Parotid duct; B, Deep 
lobe; C, Trunk of facial nerve; D, Superficial lobe. 


the variety of patterns formed by the terminal 
branches of the facial nerve. 

The present series of eleven normal adult parotid 
glands were dissected to ascertain whether the 
bi-lobed nature of the organ was sufficiently well 
defined to permit of partial or total parotidectomy 
without nerve damage ; in other words, to determine 
whether the normal anatomical lobes are comparable 
with those apparently discernible at operation on 
the diseased organ. 


FINDINGS 


In 10 of the 11 specimens there was evidence of 
division into superficial and deep lobes. In 7 of 
these the isthmus was clearly defined, being narrow 
in 6 and broad in 1; in the remaining 3 it was il 
defined and its position inconstant. In all 10 
specimens tedious and careful dissection was required 
to demonstrate the isthmus. Of the 10 bi-lobed 
parotids there were only 4 in which all the branches 
of the facial nerve remained strictly in the plane 
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between the lobes. In 5 one or more branches of 
the nerve pierced the deep lobe and in 1 some of 
the branches traversed part of the superficial lobe 
(Fig. 253). Moreover, in 3 specimens the trunk 
of the facial nerve before division lay not between 
the lobes, but in the substance of one or other 
lobe (Fig. 253). Finally, in § parotids the deep 
lobe was found to be larger than the —_— one 


(Fig. 254). 
DISCUSSION 


Contrary to Bailey’s findings in the diseased 
parotid, the above observations show that it is often 
difficult to define the two lobes of the normal gland. 
Furthermore, when they have been identified, the 
branches of the facial nerve are not always confined 
to the interlobar plane, nor does the nerve-trunk 
invariably enter between the lobes. Definition of 
the two lobes would probably be easier in the living 
subject than in the formalin-preserved cadaver, 
but deviations of the nerve-trunk or some of its 
branches from the interlobar plane would still be 
encountered. In view of the highly successful 
operative results reported by Bailey, one is forced 
to the conclusion that the lobes encountered sur- 
gically are probably not strictly comparable with 
those of the normal gland. An encapsulated tumour 
growing in the superficial lobe would tend to thin 
out and compress the surrounding normal gland 
tissue and displace the nerve medially. Moreover, 
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the size of the tumour compared with the uninvolved 
deep part of the gland might give the impression of a 
more well-marked isthmus than actually exists 
normally. 

McWhorter (1917) and Bailey (1941) both 
refer to the smaller size of the deep lobe, and the 
latter author implies that superficial lobectomy alone 
adequately removes most neoplasms. However, in 
nearly half of the present series the deep lobe was 
the larger part of the gland and its removal without 
damaging the facial nerve would be a most difficult 
procedure and probably impossible in the presence 
of atumour. In view of Bailey’s successes it would 
appear, therefore, that the deep lobe is less liable 
to neoplastic change. There is, however, no obvious 
difference in the microscopical appearance of the 
normal lobes. 


I wish to thank Professor T. Nicol for help and 
advice in preparing this paper and also Mr. Hamilton 
Bailey, whose personal communication to Professor 
Nicol led to the investigation. 
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“PRIMARY tumours of the ureter are exceptionally 
tare” (Illingworth and Dick, 1941). Similar state- 
ments can be found in other text-books, and afford 
Justification for recording even single cases. Accord- 
ing to Moore (1942), whose review is the latest in the 
English literature, the first case of benign tumour 
of the ureter was published in 1861 by Lebert. The 
first account of a malignant neoplasm appears to be 
that of Rayer (1841), while Davy (1884) was the 
first to describe the condition in the English litera- 
ture. There are less than 60 cases of benign 
tumour reported in the literature: Johnson and 
Smith (1942) brought the number up to 53, Moore 
(1942), and McMahon (1944), each reported 1 case, 
and Barnes and Kawaichi (1944) recorded 2 examples. 
alignant tumours, while rare, are commoner than 
benign ones : Counseller, Cook, and Seefeld (1944) 

found I9I reported cases. 
__ Benign tumours of the ureter occur on either 
side, and at any age, but are commoner in the fifth 
and sixth decades. They are commoner in men 
im women, and appear in the lower portion 


of the ureter more often than in the upper. Usually 
they are papillomatous, closely resembling the much 
commoner papilloma of the urinary bladder: a few, 
such as those reported by Melico and Ford (1932) 
and Johnson and Smith (1942), are polypoid connec- 
tive-tissue tumours. The papillary tumours may 
be single or multiple, are usually small, red or 
grey, soft, with a shiny surface; they arise from a 
distinct pedicle and are commonly villous. The 
ureter usually shows a fusiform dilatation at, and a 
little above, the level of the tumour. The presenting 
symptoms and signs in order of frequency are 
hematuria, pain, and renal enlargement. Diagnosis 
cannot be made without the aid of ureteric examina- 
tions, including intravenous and retrograde pyelo- 
graphy. 

Nothing is known about the aetiology of these 
tumours, although Johnson and Smith (1942) 
thought that the polyps in their case were con- 
genital, and Miiller (1940) recorded a_ benign 
papilloma in a man of 42, who from the age of 18 
to 26 handled benzidine in his work. Calculi are 
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FIG. 2§5.—Intravenous pyelogram, positive print. Arrows 
indicate filling defect at lower end of left ureter. 


FIG. 256.—Photograph of specimen. (Reduced.) 


present in a little over 10 per cent of cases, and 
Melico and Ford (1942) considered they played a 
causative role in the production of the tumour in 


FIG. 257.—Photograph of ureter and tumour. 
(Natural size.) 


FIG. 258.—Photomicrograph of papilloma, stained 
H. and E. (x 90.) 


their patient: it is very doubtful, however, whether 
calculi are ever anything but incidental or secondary 
to the tumour. 


CASE REPORT 


Mrs. B., aged 42 years, was referred to one of us 
(H. B. Y.) by her doctor because of two recent painless 
attacks of hematuria. She had not experienced fit 
quency, dysuria, or backache. Her blood-pressure wa 
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normal, and no evidence was found of any constitutional 
disability likely to produce hematuria. There was 
neither renal tumour nor tenderness. On cystoscopy a 
little blood was seen coming with the urine from the left 
ureteric orifice: indigocarmine injected intravenously 
appeared from the right ureter in 4} minutes, from the 
left it appeared in 6 minutes and the urine was purple 
instead of blue. A ureteric catheter was passed up the 
left ureter to the kidney pelvis, and, unexpectedly, no 
blood was found in the urine coming down the catheter. 
It was at first considered that there were two ureters on 
the left side and that the catheter had passed into the one 
not discharging blood. 

A plain radiographic examination did not reveal any 
abnormality of the urinary tract nor any evidence of 
urinary calculus. Intravenous pyelography was under- 
taken and five minutes after the injection of the drug, 
normally functioning kidneys were seen, with no signs 
of hydronephrosis or other abnormality. The ureters 
were not clearly outlined. Firm pressure was then 
applied to the lower abdomen and further radiographs 
taken thirty minutes later revealed the ureters. The 
lower end of the left ureter ended abruptly in a sharp 
concave extremity at a point about 2 in. above the ureteric 
orifice. ‘The shadow of the drug-laden urine was seen 
embracing a clear, semicircular area (Fig. 255). The 
appearances suggested either a papilloma or else a urate 
stone, which, in its pure state, is only slightly radio- 
opaque and cannot be demonstrated in a plain radiograph. 

It was remembered that a slight arrest of the catheter 
had been felt about an inch up the ureter, and it was now 
evident that the bleeding must be coming from the lower 
end of the ureter and not from the kidney. 

OPERATION was performed on June 28, 1945, under 
spinal anesthesia plus gas and oxygen. The left ureter 
was exposed extraperitoneally and followed down to the 
bladder: this was made difficult by adhesions from a 
previous hysterectomy. The ureter was divided below 
a fusiform dilatation just above the bladder: the kidney 
was then exposed in the loin and removed with the ureter. 
The patient made a good recovery, and has had no further 
urinary trouble. 

THE SPECIMEN (Fig. 256) consists of the left kidney 
and ureter. The kidney appears quite normal, its pelvis 


HAMATOBIUM INFECTION _ 189 


is of normal size or very slightly dilated. The ureter 
shows a normal smooth mucosa and no thickening of the 
muscle ; at the lower end is a villous papillary tumour 
(Fig. 257) arising from the mucosa by a single narrow 
stalk. The villi are slightly pink, moderately opaque, 
and have a shining surface. The ureter is somewhat 
dilated at the level of the stalk of the tumour and for 
half an inch below this. Histological preparations 
(Fig. 258) show a papilloma with many villous processes 
of transitional epithelium covering a core of delicate 
connective tissue and capillaries with a few inflammatory 
cells. There is no suggestion of malignancy. 


SUMMARY 


A case is described of a benign papilloma of 
the ureter in a woman aged 42 years. Such tumours 
are even less common than the rare carcinomata 
of the ureter. 


The photographs were taken by Mr. A. W. 
Collins, F.I.M.L.T. 
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CYSTOSCOPY IN THE DIAGNOSIS AND TREATMENT OF 
BILHARZIA HMMATOBIUM INFECTION 
By W. H. KIRKALDY-WILLIS 


NATIVE CIVIL HOSPITAL, NAIROBI, FORMERLY OF C.M.S. HOSPITAL, KALOLENI, MOMBASA 


THE subject of bilharzia is of general interest now 
that many men in the Forces, who have served in 
East Africa and other tropical countries where such 
infection occurs, have returned home to Britain and 
the United States. Undoubtedly the appearances 
discussed below will be seen from time to time 
during cystoscopy in temperate climates and will 
Cause some degree of difficulty in diagnosis to those 
who are not familiar with them. 

In many cases a certain diagnosis and adequate 
treatment in Bilharzia hematobium infection necessi- 
late the co-operation of physician and surgeon, or 
at any rate the employment of both medical and 
surgical procedures. Three years’ experience in 
the Giriama Reserve, outside Mombasa, has forced 
me to the conclusion that to rely entirely on micro- 
scopical examination of the urine for bilharzia ova 
for the diagnosis of this condition is in many cases 


a delusion, and that it is fallacious to rely on the test 
of three negative urine examinations, after giving 
24 gr. of antimony tartrate in a month, in deciding 
that the treatment has been adequate. I am con- 
vinced that cystoscopy is essential both to clinch 
the diagnosis and to assess the efficiency of the 
treatment given, and have tried to carry this out in 
as many cases as possible during the last two years 
on the coast of Kenya. 

Some may think that the diagnosis of this disease 
by the use of the cystoscope requires an expert. In 
a sense that is true, but it takes very little time to 
become sufficiently acquainted with the signs of the 
disease to make a diagnosis even in early cases and 
to gauge the effect of treatment by comparing the 
picture seen before and after; this is especially 
so in areas where the disease is common. In exam- 
ining the first few cases I was only able to record 
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what I saw without understanding the significance 
of my findings, but even after 10 to I5 cases 
the method was proving of definite assistance in the 
diagnosis of cases with a negative urine and in 
the differential diagnosis from other diseases of the 
bladder. 

As far as is known, the effects of this disease are 
seen mainly in the bladder and to a lesser extent in 
the lower ureter and in the urethra. The Bilharzia 
haematobium worms live in the veins of the portal 
system, the female being considerably smaller than 
the male and living in a groove in the ventral surface 
of the male. When the female is ready to lay het 
eggs the worms migrate together against the venous 
blood-stream as far as they are able; the female 
then leaves the gynzcophoric canal of the male 
and travels still farther distally; when she has 
travelled as far distally as possible into the smaller 
venules she lays her eggs, the spines of which stick 
into the walls of the veins, thus preventing the 
blood-stream from sweeping them back towards the 
liver. In the majority of cases the worms reach 
first the hemorrhoidal veins and then pass on to the 
veins around the lower ends of the ureters and those 
of the urinary bladder, prostate, and urethra ; 
sometimes they pass on to other pelvic and perineal 
veins that anastomose with the hemorrhoidals. 
Instinct seems to guide the worms to reach venules 
from where the eggs may easily reach the bladder 
and be voided in the urine. Thus it is that the 
earliest and most certain diagnosis of the condition 
can be made by examination of the bladder and that 
the effect of treatment can best be seen in this organ. 
Bilharziasis of the seminal vesicles, spermatic cord, 
epididymis, testes, and tunice vaginales is, I believe, 
commonly found in areas where this infection is 
prevalent, but even so the diagnosis is made much 
more simply by examination of the bladder. Even 
where other organs are affected, in nearly all cases the 
bladder is affected as well. In a few cases instinct 
seems to mislead the worms to pass from the portal 
veins to veins of the systemic system ; this accounts 
for the fact that bilharzia, like syphilis, can produce 
symptoms in all the systems and mimic a great many 
other diseases. Bilharzia ova have been found at 
autopsy in nearly every organ of the body, but this 
does not alter the fact that the earliest and simplest 
method of diagnosis is made by cystoscopy. 

Any one working in the Kenya Highlands, and 
I believe in Kavirondo where intestinal bilharzia is 
much more common, may well wonder whether a 
relatively elaborate method of diagnosis and of 
assessing treatment is warranted for a disease that 
is found, as it were, sporadically only. But in the 
Coast Province, especially in the native reserves 
near Mombasa, the disease is extremely common. 
In this area there are at least four native hospitals 
concerned. At a conservative estimate 90 per cent 
of the Wagiriama have been or are infected. Of 
97 healthy Giriama schoolboys who were examined 
microscopically once only, 75 were found to have 
ova in the urine. Of 1500 out-patients examined 
once only at Kaloleni Hospital in 1943, 700 were 
found to have ova in the urine. Of these many 
more would have given a positive finding if examined 
repeatedly and many others would have shown 
stigmata at cystoscopy. There is no doubt in my 
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mind that this disease, which leads to chronic 
anemia, chronic cystitis, hydronephrosis, vesjcaj 
calculus, vesical carcinoma, hepatomegaly, and 
splenomegaly, is to a very large extent responsible 
for the poor health and gross lack of initiative found 
amongst the Wagiriama. This is not only a problem 
of diagnosis and efficient treatment, but as much, 
if not more, of preventive medicine. When the 
water supply in the Giriama Reserve is improved 
and the people are instructed not to urinate into it 
we may expect Bilharzia hematobium to be much 
less common and the average health of the Wagiriama 
much improved. Even so, for years after the 
advent of adequate preventive medicine, we shall 
have many chronic cases to deal with, presenting 
greater difficulties in diagnosis and treatment than 
the relatively straightforward acute cases. If with 
the course of time the process of detribalization 
continues and African industries grow up in the 
larger towns, we may expect to be presented with 
these subacute and chronic cases in increasing 
numbers all over the country. For these reasons | 
believe that we shall need, in this Colony, more 
precise methods of diagnosis and more carefully con- 
trolled treatment than has been employed in the past. 

Cystoscopy is not universally used in the various 
countries where the disease is prevalent. So far 
as I can ascertain it has not been employed in East 
Africa apart from work done by medical officers in 
the military hospitals during the last two or three 
years. In South Africa Cawston (1945) deprecates 
the employment of cystoscopy and believes that 
repeated examination of the last drops of urine will 
always give a positive finding in bilharzia infections. 
He has worked in Durban for many years and been 
closely associated with the treatment and prevention 
of this disease. Campbell Begg (1944), of Johannes- 
burg, states his belief that ‘‘ ova are so seldom seen 
in the urine in cases of chronic bilharzia that their 
absence has no diagnostic significance. The only 
reliable method of diagnosing the disease is by 
cystoscopy ”. In Egypt I believe that all the larger 
hospitals employ this method, which is strongly 
recommended by Makar (1932), Professor of Surgery 
in Cairo University. In a report on one case of a 
young European who had been resident in South 
Africa, Christopherson and Ogier Ward (1934) 
describe the diagnosis and treatment. The treat- 
ment was controlled by cystoscopy performed before 
commencing the injections and one month after the 
last injection. 

Cystoscopic Appearances.—The cystoscopic 
picture of bilharziasis of the vesical mucous mem- 
brane is characteristic. The mucosa is affected in 
the vast majority of cases. In cases where it 18 
normal, changes in the muscle wall leading to fibrosis 
and calcification of the ova can often be detected 
by a straight radiograph of the bladder, as has been 
demonstrated by two workers in a hospital at 
Alexandria (Harlow, 1930). A bladder that can be 
felt per abdomen as a hard mass is, in my opinion, 
always carcinomatous and never merely a fibrosed 
and hypertrophied bilharzial bladder. 

1. Hyperemia.—The mucosal vessels become 
dilated, especially around the ureteric orifices, which 
are often surrounded by an area of oedema. This 18 
the earliest change, but it is not specific. 








anc 
by 


ofte 
a b: 


irre 


soli 
due 
ings 
Nat 
Son 
cyst 


but 
earl 
wat 


cove 
and 
nun 
cles 


diag 


of t 
wall 
in t 


laye 
Tou 


caus 








at 


er 
ly 
ry 


4) 
it- 
re 
he 


yiC 
n- 


is 
sis 
ed 
en 


be 
yn, 
ed 


ne 
ch 








CYSTOSCOPY IN BILHARZIA 

2. Tubercles—These are mostly found in the 
trigone or around the orifices, but may be seen any- 
where; pale in colour, surrounded by a zone of 
hyperemia, they vary in size from that of miliary 
tubercles to a good deal larger. (Fig. 259.) 





Fic. 259.—Case of bilharzial cystitis showing numerous 
tubercles around the left ureteric orifice, a small hemorrhage 
above, and a group of dilated veins below. 


3. Closely-set Tubercles.—These give the appear- 
ance of heaped-up granulations, often partly covered 
by blood-clot. 

4. Granulomatous Polypoid Growths.—These are 
often found together with granulations ; they have 
a broad base and are slightly lobulated and have an 
irregular knobly appearance. 

5. Bullous Cysts —These are pale colourless cysts 
twice the size of tubercles; sometimes they are 
solitary and sometimes found in clusters; they are 
due to epithelial hyperplasia which blocks the open- 
ings of the submucous glands and are akin to the 
Nabothian follicles found in chronic cervicitis. 
Sometimes these cysts are the only sign of bilharzial 
cystitis. 

6. Ulcers.—These are usually shallow and small, 
but when secondarily infected may resemble an 
early carcinoma; they may be differentiated by 
watching the effect of antimony treatment. 

7. Chronic Bilharzial Cystitis—The mucosa is 
covered by a layer of thick mucus, giving a blurred 
and hazy appearance; in the mucus are suspended 
_ glistening white pinhead calcareous parti- 
cles, ; 

We can now consider in greater detail specific 
types of case in which cystoscopy is of value in 
diagnosis and treatment. 


DIAGNOSIS 


1. No Ova found in the Urine.—In many cases 
of bilharziasis there are gross changes in the bladder 
wall and submucosa where no ova are being voided 
Inthe urine. The ova pass from the venule supply- 
Ing the bladder into the muscle coats and submucous 
layer. Here they may become encysted and sur- 
founded by fibrous tissue, and calcification occurs 
M some cases. Others in the submucous layer 
Cause the formation of bilharzial tubercles which on 
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cystoscopic examination are slightly larger than, but 
otherwise similar to, the tubercles seen in tubercu- 
losis. ‘These tubercles are formed of proliferating 
epithelial cells of the mucous membrane, in the 
midst of which may be found a few ova, and this 
change is presumably due to the irritation of the ova 
or their toxins. The presence of the characteristic 
tubercles is pathognomonic of bilharzial infection ; 
in many cases they may be seen when repeated 
examination of the last few drops or urine to be 
passed has been negative. Only when the ova have 
ulcerated through the mucosa do we find them in 
the urine. In many of these cases there are visible 
shallow ulcers with a dark base due to coating with 
altered blood. The afore-mentioned changes occur 
most commonly in the trigone and around the 
ureteric orifices. In a few cases no changes are seen 
at the first examination beyond slight cedema around 
the orifices, with considerable injection around them 
and over the trigone. The characteristic symptom 
of pain at the tip of penis during micturition is 
present, presumably due to irritation of the trigone 
musculature by ova. In this case when ova are not 
present in the urine, examination will sooner or later 
reveal the presence of the characteristic bilharzial 
tubercles. In another small group of cases the 
tubercles may be seen though there are no symptoms 
relegated to the bladder. 


Case 1.—S. G., male Giriama, aged 30. First seen 
in August, 1942, he had been treated one year previously 
for hematuria and pyuria of uncertain origin with 
sulphapyridine and antimony tartrate. On admission 
he complained of burning pain in the urethra during 
micturition. No gonococci or ova were found on repeated 
examination of the urine. Cystoscopy revealed only a 
little mucus all over the bladder, a few scattered blood- 
clots, and slight injection over the trigone. Cystoscopy 
one month later showed a few areas of hemorrhage and a 
few small ulcers. Cystoscopy three months later showed 
only a few clots of blood on the bladder wall; he was 
then given a course of combined antimony tartrate and 
fouadin. He came back to hospital in 1944 complaining 
of burning pain during micturition and occasional 
hematuria. The urine was still negative. Cystoscopy 
revealed the presence of groups of transparent cysts and 
a few characteristic tubercles. He asserted that he had 
followed the prophylactic régime against contraction of 
this disease since the time of his first coming to hospital. 
Therefore, presumably, the first course of treatment was 
inadequate ; definite tubercles were seen for the first 
time only two years after contracting the disease. 


Case 2.—J. K., male Giriama, aged 55. Admitted 
to hospital in April, 1944, with a large swelling in the left 
loin. There were no symptoms referable to bladder or 
urethra, and there was no hematuria. Cystoscopy was 
performed in order to confirm that the tumour was renal 
in origin. The characteristic tubercles of bilharzia were 
seen around the orifices and in the fundus. The absence 
of symptoms, therefore, coincided with absence of trigonal 
irritation. On removal the tumour was proved to be a 
hypernephroma. 


2. Other Conditions may resemble Bil- 
harzia Infection or may be Concomitant with 
it.—The characteristic symptoms of vesical bil- 
harziasis—pain during micturition, frequency, hema- 
turia, and strangury—are common to a number 
of other diseases (Allen, 1936). For this reason it is 
advisable when ova are not discoverable in the urine 
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to cystoscope the patient in order to exclude the 
presence of some other disease. On the other hand, 
the presence in this hospital of numerous bladder 
scoops and stone-holding forceps which were passed 
on from the old hospital in Mombasa after the last 
war show that many cases of bilharzial cystitis were 
diagnosed as vesical calculus. 


Case 3.—K. M., male Giriama, aged 40. Treated 
14 years previously for bilharzial cystitis, he now com- 
plains of frequency, burning pain during micturition, and 
pyuria, with attacks of strangury. Cystoscopy revealed 
the presence of a large calculus; the ureteric orifices 
were dilated to about ten times the normal size. There 
was marked trabeculation and two or three diverticula 
were present. This man died from uremia when he 
might well have recovered had he been treated for the 
calculus when he first came to hospital. 


Case 4.—B. K., male Giriama, aged 45. He was 
admitted to hospital complaining of suprapubic pain, 
frequency, and dysuria. The bladder was enlarged to 
3 in. above the pubes and its wall was thick and hard ; 
no ova were found in the urine. At operation the bladder 
was full of papillomatous new growth which on section 
proved to be carcinomatous. Clinically this was a 
typical case of long-standing bilharziasis with superadded 
chronic cystitis. 


3. It is necessary to be on the look out for 
Sequelz.—Cases of recent bilharzial infection are 
unlikely to show sequelz, but other diseases of the 
bladder may be present at the same time; most 
long-standing cases of bilharziasis show sequele, 
as, for instance, polyps, papillomata, and carcinomata 
resulting from long-continued action of bilharzial 
prostatitis. For these reasons it is highly desirable 
that cystoscopy should be undertaken before the 
commencement of treatment, even when microscopy 
reveals the presence of ova in the urine (Makar, 


1935). 


Case 5.—K. M., male Giriama, aged 25. He was 
admitted with five months’ history of hematuria, pain 
on micturition, and pain over the bladder. Examination 
of the urine showed the presence of ova, pus cells, and 
red blood-cells. Cystoscopy revealed the presence of a 
large irregular faceted calcuius, covered with altered 
blood and a concomitant bilharzial cystitis with ulcers 
and tubercles. 


Case 6.—N. K., male Giriama, aged 50. He was 
admitted to hospital with a right inguinal hernia. On 
examination the urine was found to be blood-stained ; 
on rectal examination the prostate was considerably 
enlarged ; ova were found in the urine. At cystoscopy 
there was intravesical enlargement of the prostate and a 
mild bilharzial cystitis as evidenced by the presence of 
the characteristic tubercles and slight injection of the 
trigone. 


4. Often it is necessary to investigate the 
Ureters and the Renal Function.—Bilharziasis 
can affect any part of the bladder, but the trigone 
and area around the ureteric orifices are most 
commonly affected. The lower end of the ureter 
for one or two inches above the bladder is quite 
commonly diseased. The kidney and upper ureter 
are only secondarily affected as the result of pro- 
longed back pressure and chronic infection. 


In cases which present with attacks of renal 
colic, catheters should be passed along the ureters 
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to demonstrate the presence or absence of obstruc- 
tion in their lower ends. Where laboratory facilities 


are not available the renal function may be estimated 
by intravenous injection of indigocarmine, which js 
ejected from the orifices in seven to ten minutes when 
the renal function is good. Where X rays are not 
available the capacity of the renal pelvis can be estj- 
mated by injecting dilute mercury oxycyanide soly- 
tion up the catheter until slight pain is felt in the loin, 


Case 7.—C. K., male Giriama, aged 40. He was 
admitted with a two months’ history of dysuria and 
strangury. No ova were found in the urine; he 
developed an attack of renal colic whilst in hospital, 
Cystoscopy revealed a slightly pouting left ureteric 
orifice with injection of the trigone and petechial hemor- 
rhages. The catheter only passed 14 in. up the left 
ureter; no indigocarmine was seen emerging from the 
left ureter, though it emerged from the right in ten 
minutes. Intravenous peylography showed a _ block 
14 in. above the bladder in the left ureter. At operation 
1 in. of thick stenosed ureter was removed from just 
above the bladder and the ureter transplanted into the 
bladder slightly higher up. Section showed that the 
removed portion of ureter was bilharzial. 


TREATMENT 


1. The efficient and successful treatment of 
Bilharzia hematobium infection is by no means as 
simple a matter as might be thought at first sight. 
The concentration of antimony tartrate required to 
kill the worms is not far short of that which proves 
severely toxic to the patient. Egyptian workers 
state that one case in two thousand dies from the 
toxic effects of this drug. Most of the cases treated 
in the Giriama Reserve were given 25 gr. of the 
drug within a period of four weeks, and nearly all 
of these showed toxic symptoms well before the end 
of the course. Valuable data can be gained as to the 
efficiency of treatment by comparison of the cysto- 
scopic appearances before treatment with those 
two weeks after the completion of a course of 
treatment ; where the treatment has been adequate 
cystoscopy will show marked improvement in 
any concomitant acute cystitis and marked retro- 
gression of granulomatous polyps and_ bilharzial 
tubercles. It is recommended that the patient 
should return after three months and again after 
six months for examination, and if he still has 
symptoms or abnormal constituents in the urine, 
such as red cells or pus cells, he should be cystoscoped 
again. If ulcers, granulomata, or tubercles art 
present, or if there is a cystic cystitis, a further course 
of treatment should be given. 


Case 8.—C. M., male Giriama, aged 20. He was 
admitted with a history of three months’ hematuria and 
pain during micturition; many ova were found in the 
urine. Cystoscopy revealed numerous small ulcers and 
large blood-clots. The left ureteric orifice was slit-like 
and surrounded by pale grey nodular growth covered 
with mucus, in which were suspended numerous small 
calcareous particles. The right orifice was completely 
obscured by polypoid granulomata, which were covered 
with typical tubercles. One month later, after treatment, 
cystoscopy showed that the growth surrounding the right 
orifice was reduced in size by one-third. The granulo- 
mata obscuring the left orifice were reduced in size by 
three-quarters ; no ulcers were seen; there were 0 y 
scanty tubercles and the concomitant acute cystitis ha 
subsided. The patient was symptom free. 
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Case 9.—M. K., male Giriama, aged 30. He was 
frst seen in July, 1942, complaining of hematuria of 
many years’ duration. Bilharzia ova were found in the 
urine. At cystoscopy an acute cystitis was revealed, the 
mucosa being bright red. The ureteric orifices were 
hidden by a large bright-red cauliflower mass (Fig. 260). 
He was given a course of antimony tartrate and fouadin. 
On March 2, 1943, he was symptom free. Cystoscopy 
showed a smooth undulating swelling of the whole of the 
trigone and ureteric bar, resembling hills and valleys. 
Both orifices were slit-like. There was a small sessile 


large papillomatous 
(Before treatment.) 


Fic. 260.—Case 9. Showing 
bilharzial polyp in bladder. 


granular tumour immediately below the left orifice and a 
smaller but similar tumour a little above it; the whole 
mucosa was covered by a thin layer of mucus in which 
were suspended numerous small calcareous particles ; 
no signs of active bilharziasis were seen. 

On May 29, 1944, he was still symptom free and 
reported for routine cystoscopy. This showed a pale 
yellow mucosa covered with mucus in which were sus- 
pended calcareous particles as before. There were no 
signs of active bilharzia; the hill-and-valley appearance 
was much reduced, the orifices were still slit-like, and no 
ie _ previous granulomata could be detected 

ig. 261). 


2. As pointed out by Makar (1942), the bilharzial 
toxins in the bladder wall, acting over a period of 
years, frequently lead to a carcinomatous change. 
To be at all effective, treatment must be undertaken 
as soon as possible after this change has set in. In 
the past three years I have seen at least six cases 
with a history of chronic bilharzia which came to 
hospital only when the bladders were full of masses 
of carcinomatous tissue; secondary invasion was 
Widespread in all these cases. If seen at an earlier 
stage they might have been cured by transplantation 
of the ureters, followed by total cystectomy. The 
conclusion to be drawn is that routine cystoscopy 
should be performed at six-monthly intervals in all 
cases where there is permanent damage to the bladder 
wall or mucosa, as a result of bilharzia infection, in 
order that any carcinomatous change should be 
detected as soon as possible. Calcification in the 
bladder wall may be detected by X-ray examination. 

‘tmanent changes in the mucosa are evidenced by 
the finding of a covering of mucus all over the 
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bladder, with calcareous particles suspended in it, 
at repeated routine cystoscopy. In Case 8 it was not 
possible to exclude bilharzial carcinoma until after 
the course of treatment, when the second cysto- 
scopy showed marked retrogression of the granulo- 
matous and polypoid growths. In Case 9 the 
cystoscopy carried out before treatment revealed 
signs that were very suspicious of carcinoma. This 
possibility was only ruled out when the second 
cystoscopy showed marked retrogression of the 


Fic. 261.—Case 9. After treatment: there is no vestige 
of the polyp. The mucosa is covered with mucus, in which 
are suspended numerous calcareous particles. 


granulomata. The mucous and calcareous particles 
found to persist in a symptom-free patient two years 
later show that there was permanent damage to the 
mucosa, resulting in a chronic catarrhal state. This 
is the type of patient who should be cystoscoped at 
intervals of six months in view of the possibility 
of malignant change. 


SEQUEL 


The sequele of this disease present either more 
or less complicated problems in urogenital surgery. 
At present in the Giriama Reserve they are often 
seen. 

1. Chronic Cystitis —We have already dis- 
cussed this condition. 


2. Calculus Formation.—The calculi are 
mostly of calcium phosphate ; they may be large or 
small, single, or multiple, and contain calcified ova. 

3. Changes around the Ureteric Orifices.— 
Dilatation, scarring, obstruction, and hypertrophy 
all occur. These are among the most interesting 
changes seen in biharziasis and have a great number 
of individual characteristics. 

4. Hypertrophy of the Bladder Muscula- 
ture.—This leads to hydronephrosis and the usual 
accompanying renal changes. Renal failure would 
seem to be long delayed. 

5. Renal Colic.—This is due to ureteral obstruc- 
tion at the orifice or slightly above it. 

6. Carcinoma.—This may assume _ various 
forms; it is more rapidly progressive than most 
non-bilharzial types. In Egypt bilharzial cancer is 
much more common than the non-bilharzial. There 
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seems little doubt that this type is due to the previous 
long-standing bilharzia infection; it has been 
ascribed to (a) long-standing sepsis, (6) mechanical 
irritation, and (c) prolonged action of toxins from 
the ova (Makar, 1942). 


SUMMARY 


1. Routine use of the cystoscope in both the 
diagnosis and treatment of bilharzial cystitis is 
advocated. 

2. The typical appearances at cystoscopy are 
described. 

3. A number of individual cases are presented, 
indicating in detail where cystoscopy can help in 
avoiding the difficulties of early and differential 
diagnosis and in assessing the efficacy of treatment. 
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4. The common sequele of this condition are 
enumerated and described briefly. 


My thanks are due to the Hon. Director of 
Medical Services for permission to publish this 
paper. 





—____ 
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THYROTOXICOSIS AS A SURGICAL PROBLEM 
By J. DOUGLAS ROBERTSON 


FROM THE COURTAULD INSTITUTE OF BIOCHEMISTRY, MIDDLESEX HOSPITAL, LONDON, W.1I 


THE recent introduction of thiourea and thiouracil 
as therapeutic agents in thyrotoxicosis caused many 
physicians to believe that these compounds would 
displace surgery. Despite early optimistic reports 
on the efficacy of thiouracil, certain types of thyro- 
toxicosis appeared to remain essentially a surgical 
problem. These included thyrotoxicosis associated 


with heart failure, the more serious types of cardiac 
arrhythmias, a large goitre, and marked exophthalmos. 
As experience with these drugs has grown, there has 
been a tendency to view with less optimism their 
curative properties. This in a large degree has 
been due to their toxic properties, including such 
reactions as agranulocytosis, fever, dermatitis, jaun- 
dice, oedema, arthritis, purpura, lymphadenopathy, 
cardiac arrhythmia, and even an exacerbation of the 
thyrotoxicosis. Further, it is by no means clear that, 
in the large majority of cases, thiouracil can be 
discontinued without a recurrence of the symptoms 
of thyrotoxicosis. At the best, therefore, the 
thiouracil medication in thyrotoxicosis is not unlike 
the insulin therapy of diabetes—in each case the 
disease is controlled, not cured. Surgery, therefore, 
has certain advantages in that a cure of the thyro- 
toxicosis can be established quickly, after which no 
further controlled observations on the patient are 
necessary. It is probable that many patients with 
diabetes would prefer a surgical cure to insulin 
therapy. In discussions on the various methods 
of treating thyrotoxicosis, the chief criticism against 
surgery is its operative mortality. Until 1923 the 
operative mortality was sufficiently high, except 
among especially skilled surgeons, to make operation 
a hazardous procedure. In 1923 the action of iodine 
in thyrotoxicosis became more clearly understood 
as a result of observation on the basal metabolism. 
The operative mortality of the leading thyroid 
surgeons fell below 1 per cent, and operations for 
the relief of thyrotoxicosis were now attempted not 
without success by less experienced thyroid surgeons. 
Paradoxically there was a tendency for a rise in the 


mortality from operations for thyrotoxicosis in later 
years, but this was doubtless due to operations on 
patients who, before this, would have been too ill 
to withstand surgery. 

In the paper which follows, which is based ona 
study of the last sixteen years, an attempt is made 
to follow in detail the effects of iodine on the basal 
metabolism in thyrotoxicosis, the value of iodine 
before and after subtotal thyroidectomy, the post- 
operative reaction, and the early assessment of a 
successful thyroid operation. 


I. IODINE AND IODIDE DOSAGE IN 

THYROTOXICOSIS, AND ITS EFFECT 

ON THE BASAL METABOLISM AS 
A GUIDE TO OPERATION 


HISTORICAL 


Iodine Administration.—In 1813 Courtois 
discovered iodine. Prout (1834) maintained that 
in 1816 he successfully used an iodine compound 
in the treatment of goitre and that his remedy was 
adopted three years later by Dr. Elliotson of St. 
Thomas’s Hospital. Prout did not publish these 
findings until 1834, by which time Coindet (1820) 
had already drawn attention to the value of iodine 
in simple and probably in toxic goitre. The credit, 
however, must go to Trousseau (1868) for describing 
clearly not only that iodine could bring about an 
artificial remission in the course of thyrotoxicosis, 
but also that the beneficial effects of iodine medica- 
tion quickly passed off as soon as the drug was 
stopped. Trousseau’s exact words are worth record- 
ing :— 

In the course of October, 1863, I was consulted by a 
young married lady who habitually resides in Paris. 
She was suffering from a subacute exophthalmic goitr¢. 
The bronchocele was of great size. When I examined 
her for the first time, although I had let her rest for a long 
while and although I repeated the examination several 
times and at sufficiently distant intervals, so as to makt 
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gure that she was no longer under the influence 
of emotion, I still found that her heart-beat was at 
the rate Of 140-150 times in the minute. I recom- 
mended hydropathy and I wished to administer at the 
same time tincture of digitalis, but, preoccupied with the 
idea that there would be some danger in giving iodine, 
| wrote iodine instead of digitalis, so that the patient 
took some 15-20 drops of tincture of iodine .a day for 
a fortnight. 'When she came back to see me her pulse 
was 90. I found out my mistake and I substituted 
tincture of digitalis for that of iodine, but after another 
fortnight the pulse had again gone up to 150, so that I 
at once returned to the iodine. 

Notwithstanding these exceptional cases, however, bear 
in mind that iodine generally does harm in Graves’ disease. 


Later Cheadle (1869), Ohleman (1911), Marine 
and Lenhart (1911), and Waller (1914) confirmed 
Trousseau’s observations, but the influence of 
Kocher and his school (1910, a, b), with their grave 
warning of the dangers of an iodine-precipitated 
thyrotoxicosis, dissuaded most clinicians from em- 
ploying iodine therapeutically for the next ten to 
fifteen years. By 1920, when more simple forms of 
apparatus became available, measurement of the 
basal metabolism was being carried out more fre- 
quently, and at or about that time a series of publica- 
tions appeared on the effects of iodine and its com- 
pounds in thyrotoxicosis, including studies of the basal 
metabolism. ‘These were contributed by Neisser 
(1920), Loewy and Zondek (1921), Jagi¢ and Spengler 
(1924), Cowell and Mellanby (1924), Starr, Walcott, 
Segall, and Means (1924), and Plummer and 
Boothby (1924). The greatest credit, however, 
must be given to Plummer and Boothby, for they 
clearly demonstrated the beneficial effects of iodine 
It is interesting to note 


as a pre-operative measure. 
that Plummer, in his first communication on this 
subject (1923), advised the administration of com- 
pound tincture of iodine for ten days after operations 
on the thyroid. Later, with Boothby (1924), he 


stated the properties of iodine more clearly. They 
pointed out that in thyrotoxicosis the maximum 
improvement usually occurred after iodine, in 
adequate doses of at least 10 min. daily, had been 
taken for eight to ten days. They also drew atten- 
tion to the fact that the maximum improvement 
might be delayed for two or even three weeks. 
They therefore recommended that any operation 
on the thyroid should be postponed until it was 
established that no further improvement could be 
obtained from the iodine. Such a _ procedure 
brought about a fall in the mortality-rate of thyroid- 
éctomy for the relief of thyrotoxicosis to less than 
I per cent at the Mayo Clinic. 

The Common Action of Iodine and Its 
Compounds.—It is not clear how iodine exerts its 
action on the thyroid gland, but it has been estab- 
lished that not only free iodine but all its compounds 
are alike in producing clinical changes in thyro- 
toxicosis. Pure iodine has been used by Marine 
and Lenhart (1911) and Starr, Walcott, Segall, 
and Means (1924); potassium iodide by Neisser 
(1920), Loewy and Zondek (1921), and Cowell and 
Mellanby (1924); sodium iodide by Jagi¢ and 
Spengler (1924); tincture of iodine (2°5 per cent 
lodine, 1-5 per cent potassium iodide in alcohol) by 
Trousseau (1868) and Waller (1914); hydriodic acid 
by Fitzgerald (1926); Sajodin (calcium iodobehenate) 
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by Fulton and Ault (1930); and Lugol’s solution 
(§ per cent iodine, 10 per cent potassium iodide 
in water) by Plummer (1923), Starr, Walcott, 
Segall, and Means (1924), and many others. In 
addition to the oral administration, iodine has also 
been given with benefit by inhalation as ethyl 
iodide (Lerman and Means, 1931). Reference is 
also made in general text-books to the successful 
administration of iodine intravenously, rectally, or 
simply by skin application. It is clear, therefore, 
that iodine is rapidly absorbed through the skin or 
through any mucous membrane, and that iodine 
or any of its salts are equally effective. There are 
several publications, among others by Fitzgerald 
(1926) and Fulton and Ault (1930), showing clearly 
that the form in which iodine is administered is of 
little consequence. The most popular form in 
which iodine is given is Lugol’s solution, and this 
is doubtless due to the influence of Plummer, who 
chose this mixture ‘‘ because it was an aqueous 
solution of iodine and provided a large amount of 
iodine loosely combined with potassium”. It is 
interesting to note that Lugol described the prepara- 
tion of this solution in 1830 as a cure for tuberculous 
infections. His memoir in an abstracted form was 
later translated into English by Markwick (1846). 

Dosage of Iodine.—There is still some contro- 
versy about the ideal or proper dosage of iodine in 
thyrotoxicosis. The consensus of opinion would 
appear to be that for the prolonged treatment of 
thyrotoxicosis by iodine alone, the dosage, should 
be small and in the region of 6-12 mg. of iodine 
daily (1-2 drops of Lugol’s solution), but that as a 
pre-operative measure the dosage should be much 
larger. As this paper is concerned with the prepara- 
tion of patients for surgery, this will now be con- 
sidered. It is not clear why such large doses of 
iodine are necessary or advisable as a pre-operative 
measure. Although Thompson, Bailey, Thompson, 
and Thorp (1930) maintained that the minimum 
amount of iodine that will produce the maximum 
reduction in the basal metabolism is not greater 
than 6 mg. of iodine daily (1 drop of Lugol’s solu- 
tion), they have stated for no apparent reason that 
five times this amount should be given daily before 
operation. Plummer and Boothby (1924) go further 
and state that a minimum of ten drops of Lugol’s 
solution is desirable, as they observed certain patients 
who did not react to five drops but did to ten drops 
daily. It was also their experience that an increased 
dosage of ten drops three times per day produced 
better and quicker responses. Both Neisser (1920) 
and Loewy and Zondek (1921) appeared to have 
introduced the scheme of increasing the daily dosage 
of iodine from fifteen drops of potassium iodide 
solution to an optimum of sixty drops. This system 
has been advocated by Joll (1932), who started with 
five drops of Lugol’s solution three times per day 
and increased the amount by three drops per day 
until the dosage was thirty to forty-five drops per 
day a few days before the operation. 

It was with a view to clarifying the various 
actions of iodine on the basal metabolism in thyro- 
toxicosis that the following experiments were 
designed. In view of conflicting reports, a critical 
inquiry was made into iodine dosage and the types 
of iodine therapy used as pre-operative measures. 
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EXPERIMENTAL 


In Table I are given a list of solutions and salts 
of iodine in common use, with details regarding 
their composition and the amount of total iodine. 
As all forms of iodine are equally effective it can be 








Table I.—SOLUTIONS AND SALTS OF IODINE, 
WITH COMPOSITION AND AMOUNT OF 
TOTAL IODINE 
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FREE SALT OF 
IoDINE COMPOUND VEHICLE! PLUS IODINE 
IODINE | IODINE mn COMBINA- 
TION) 
I min. 
Liquid :— | | contains 
1. Lig. iodi mitis | 2-5 per | Potassium | Alcohol 2°16 mg. 
(B.P., 1932) or cent iodide, 
Tinct. iodine | I'S per 
cent 
2. Liq. iodi sim- | 9:0 per | Nil Alcohol 5°33 mg. 
plex (B.P., 1932) cent 
or Tinct. iodi 
(French Codex of | | 
1908) 
3. Lugol’s solution | 5-0 per | Potassium Water 7°49 mg. 
(B.P., 1936) cent iodide, 
| 10 per 
| cent 
4. Hydriodic acid — Hydrogen Water 5°89 mg. 
iodide, 
IO per 






cent 





















I gr. contains 







Solid: Potassium iodide 49°6 mg. 
Sodium iodide 54°9 mg. 
Ethyl iodide 52°9 mg. 
Sajodin (calcium iodobehenate) 15°6 mg. 













calculated from Table I that 30 minims of Lugol’s 
solution are roughly equivalent to 43 gr. of potassium 
iodide and 4 gr. of sodium iodide each containing 
approximately 220 mg. of iodine. In the results 
which follow iodine was given in amounts of 180 
to 200 mg. daily in the form of pure iodine, Lugol’s 
solution, or potassium iodide, but, as previously 
explained, these different forms of iodine have no 
significance. 

The basal metabolism was measured by the 
closed-circuit method, the accuracy of which has 
been reported (Robertson, 1937). The apparatus 
used was the Benedict-Roth with recording kymo- 
graph. All machines were alcohol-checked (Barrett 
and Robertson, 1937) and found accurate, but in 
addition each was checked once a week by a model 
whose basal metabolism is in the region of 56 calories 
per hour. All subjects studied were in-patients, but 
the technique of measuring their basal metabolism 
was essentially the same as that described for out- 
patients (Robertson, 1944). The subjects were 
brought to a room in the Courtauld Institute with a 
temperature of 20-23° C. from the wards in chairs 
on at least two successive mornings under basal 
conditions. If, on the second day, the duplicates 
agreed within 5 per cent (and were lower than the 
first-day readings) the lower reading was taken as 
the basal metabolism. On the other hand, if the 
duplicate readings were not within 5 per cent, or 
the second readings were higher than those on the 
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first day, then readings were taken on subsequent 
days until a constant reading was obtained. Such 
difficulties were experienced in 5 per cent of cases, 
After the initial reading had been determined, g 
further reading was taken in ten to fourteen days 
and thereafter daily or on alternate days until 
a constant reading was obtained after simply reg 
and sedatives. Then 180-200 mg. of iodine was 
given daily, and the basal metabolism again measured 
daily or on alternate days after the seventh day 
of iodine therapy, until or unless a constant reading 
was obtained. Charts 1-5 (Figs. 262-266) show 
observations on the basal metabolism in five selected 
cases of thyrotoxicosis, illustrating how the action 
of iodine can vary from case to case and in the same 
case from time to time. In Chart 6 (Fig. 267) the 
different reactions of the basal metabolism in thyro- 
toxicosis to iodine is given diagrammatically. 

In the series of cases investigated it was found 
that simple rest in bed and sedatives brought about 
a fall of 15 to 40 per cent in the initial basal meta- 
bolism. 

Chart 1 (Fig. 262).—In thirteen days the maxi- 
mum reduction in the basal metabolism took place, 
and operation was carried out on the seventeenth 
day of iodine therapy. The post-operative basal 
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Fic. 262.—Chart 1. M. C., aged 35. 


metabolism was not significantly different from the 
lowest basal metabolism after iodine. This is the 
most satisfactory type of iodine response, in which 
is produced a maximum fall in basal metabolism to 
the patient’s normal level. 

Chart 2 (Fig. 263).— Iodine brought about a 
fall in the basal metabolism to the region of + 30, 
and no further improvement took place. Iodine 
was unable to control the thyrotoxicosis further. 
Successful subtotal thyroidectomy was carried out 
with a post-operative basal metabolism of —9 and 
well below the lowest reading on iodine. a 

Chart 3 (Fig. 264).—The first course of iodine 
produced a curve similar to that in Chart 2. Instead 
of operating with a basal metabolism in the region 
of + 30, it was decided to stop the iodine for a 
period of two months and to give the patient seda- 
tives. At the end of two months iodine produced 


a marked fall in the basal metabolism to —3; at 
which level a successful subtotal thyroidectomy 
was carried out. 
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Fic. 263.—Chart 2. E. C., aged 42. 


Chart 4 (Fig. 265).—This shows a most interesting 
response of the basal metabolism to iodine. 
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Fic. 264.—Chart 3. W. D., aged 28. 

the initial reading of + 50, further single readings 
were taken on the eleventh or the fourteenth day of 
iodine therapy the results of o or + 8 would have 
created the erroneous impression that the basal 
metabolism was falling, when, in fact, it was ‘on 
the rise’. This is an example where a case becomes 
‘ refractory ’ to iodine, and the drug loses its power 
to control the thyrotoxicosis. The condition has 
been well described by Thompson and Thompson 
(1931) when using small doses equal to I minim of 
Lugol’s solution, but it also appears to develop when 
large doses are taken. It is important to recognize 
cases of thyrotoxicosis that become refractory to 
iodine and react like the first curve in Chart 4, as 
operation, if carried out when 
the metabolism is rising, is 
invariably accompanied by a 
thyroid crisis. 

Chart 5 (Fig. 266).—Iodine 
caused an increase in the 
severity of the disease as shown 
by a rising metabolism from 
+ 30 to + 45 in twenty-five 
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Fic. 265.—Chart 4. L. H., aged 23. 


Iodine was now replaced by sedatives for six 
weeks and the basal metabolism rose to + 60. The 
Rext course of iodine brought about a steady fall 
In the basal metabolism to a plateau in the region 
of —3, at which stage a subtotal thyroidectomy 
tesulted in a post-operative reading of —5. This 
_ Case presented many interesting features. It showed 
; € value of carrying out not isolated, but serial, 
asal metabolism determinations. Thus, if after 
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plateau in the region of + I0, 


180 mg iodine daily. 





at which level a subtotal thyroid- 
ectomy was carried out resulting in a post-operative 
reading of —5. This case is unusual in that an 
active case of thyrotoxicosis was made clinically 
worse with iodine. It has already been reported by 
Kocher (1910) and Plummer and Boothby (1924), 
that adenomatous goitres without hyperthyroidism 
could be rendered toxic by the administration of 
iodine. 

Chart 6 (Fig. 267).—This chart shows diagram- 
matically the different responses of the basal meta- 
bolism to iodine. From the point of view of operative 
14 
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risk, the first two reactions are the most satisfactory. 
With the other two reactions with a rising metabolism 
the operative risk may be great. 

DISCUSSION 


It is difficult to understand why Lugol’s solution 
should be the most popular form in which iodine 
is taken. It has a most objectionable burning taste, 
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dose of iodine) is equivalent to 43 gr. of potassium 
iodide and 4 gr. of sodium iodide each coritaining 
approximately 220 mg. of iodine. It is important 
to. realize that all soluble compounds of iodine are 
equally effective, as the following experierice wil 
demonstrate :— 


A case of obvious thyrotoxicosis with exophthalmos 
had a basal metabolism of + 4. In reporting this result, 
attention was drawn to the fact that the patient wa; 
taking, and had taken for the previous fourteen days, 
9 gr. of potassium iodide in a cough mixture. Despite 
this adequate control of the thyrotoxicosis by potassium 
iodide, when subtotal thyroidectomy was decided upon, 
all medicines were stopped and the patient given 15 min, 

of Lugol’s solution daily for ten days before 
operation. This case, therefore, for fourteen 
days was having 448-4 mg. of iodine as 
potassium iodide, with the thyrotoxicosis 
controlled ; yet, because of a rule-of-thumb 
routine, Lugol’s solution was given for ten 
days before operation, providing only 1024 
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Fic. 266.—Chart 5. J. M., aged 50. 


and the custom of giving it in drops is far from 
accurate, unless the solution is diluted to teaspoonful 
or other reproducible types of dosage. It is probable 
that the influence of Plummer, who chose this 
solution because it contained a large amount of 
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mg. of iodine, or less than a quarter the 
patient was receiving on potassium iodide, 


There appear to be many advantages in 
employing as a pre-operative measure 
iodine in the form of potassium or 
sodium iodide. These medicines are not 
unpleasant and small doses of 2-24 gr. 
per day (equivalent to 15 min. of Lugol's 
solution) are adequate in the preparation of cases of 
thyrotoxicosis for operation. On the other hand 
Lugol’s solution, at present the most popular of iodine 
mixtures, lacks the advantage of simple iodides. It 
has been established that the minimum dose of iodine 
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Fic. 267.—Charts showing the different reactions to iodine in thyrotoxicosis. 


aqueous iodine, persists. Plummer may not have 
been aware that all salts of iodine were equally 
effective, and that the ability of iodine compounds 
to reduce the basal metabolism in thyrotoxicosis 
does not depend on the presence of free iodine, but 
soluble iodide. It has been shown that 30 min. 
of Lugol’s solution (a.common pre-operative daily 


that will produce the greatest clinical improvemett 
and maximum reduction in the basal metabolism 1 
thyrotoxicosis is in the region of 6 mg., or aboul 
1 min. of Lugol’s solution. As a pre-operativt 
measure, iodine in excess of minimum requirements 
has been advocated, and doses from 5-30 min. pf 
day are employed in various clinics. There 18? 
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practice among some surgeons to give increasing 
doses Of iodine, starting with 3 min. three times 
daily and working up to 10-12 min. thrice daily on 
the day before operation. This complicated system 
of iodine dosage is not governed by an experimental 
ot scientific reasoning, and has nothing to commend 
i, It is, in fact, an undesirable procedure, for small 
doses of iodine can inhibit the maximum response 
of large doses. It would seem reasonable to com- 
mence and continue with large standard doses of 
2-4 gr. of sodium or potassium iodide, or 15-30 min. 
of Lugol’s solution, daily until the subject is ready 
for operation. 

It has been stated by several investigators that 
the maximum ben:fit from iodine in thyrotoxicosis 
ysually occurred after eight to ten days of medication. 
Ithas, however, been emphasized that this maximum 
improvement might be delayed two or even three 
weeks, and that it was inadvisable to operate until 
it was clear that no further improvement could be 
obtained from the iodine, even if this involved a 
delay of several weeks. Unfortunately, instead of 
adopting this sound principle first elaborated by 
Plummer and his colleagues of the Mayo Clinic, 
it is customary in certain clinics to replace this 
technique by a rule-of-thumb procedure whereby 
the operation takes place after ten days of iodine 
medication, irrespective of whether the maximum 
improvement has taken place or not. This has 
resulted, not uncommonly, in’ severe post-operative 
reactions. In assessing the maximum clinical im- 
provement of a case under iodine, the basal meta- 
bolism is probably the best single guide. It is 


appreciated, of course, that a surgeon with much 
experience in thyroid surgery can by his personal 
judgement form an accurate opinion of the clinical 


state of a case of thyrotoxicosis. But all surgeons 
are not so fortunate, and for those without that 
experience, or those in the process of acquiring it, 
the basal metabolism can give a very accurate index 
of the iodine-control of the thyrotoxicosis, and the 
ability of the patient to withstand operation. In 
the present study it was found that, after due allow- 
ance had been made for rest and hospitalization, the 
basal metabolism fell to its lowest level with iodine 
ina period varying from six to twenty-five days. If 
patients are given iodine immediately on admission 
to hospital it seems probable that iodine will take 
longer than the above range to exert its maximum 
control The danger in operating is not so much 
in delaying it, as in carrying it out too early during 
iodine therapy. It is important to realize that all 
cases of thyrotoxicosis do not react alike to iodine, 
nor any one case at different times. Iodine appeared 
to cause four well-defined reactions in thyrotoxicosis : 
(1) A fall in the metabolism to a low plateau which 
equalled or was not significantly different from the 
subject’s normal basal metabolism obtained after a 
successful operation ; (2) A fall in the basal meta- 
bolism to a plateau which is significantly higher than 
the basal metabolism after a successful operation ; 
(3) A sharp fall in the basal metabolism, followed 
Immediately by as sharp a rise ; (4) A rise in the basal 
metabolism. The ideal pre-operative condition of 
the patient is one in which the basal metabolism is 
teduced by iodine to as low a level as possible and 
at the same time constant. The second condition 
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is easier to achieve than the first, with the result that 
many operations are performed on patients with a 
constant basal metabolism, yet one that is raised 
well above normal. In these types of cases it is 
sometimes advisable to postpone operation until a 
more favourable response to iodine is obtained. 
Operation is contra-indicated when the basal meta- 
bolism is rising, a condition in which the patient is 
refractory to iodine. When it is considered that 
operation is not without risk for any of the above 
reasons, iodine should be stopped and replaced by 
sedatives such as quinine hydrobromide and luminal 
and a high-calorie diet, including glucose up to 
6 oz. daily for four to six weeks. After iodine has 
been omitted for from four to six weeks, the thyro- 
toxicosis reverts to its primary untreated condition, 
and iodine again is able to bring about an artificial 
remission in the disease. It has erroneously been 
stated that the first iodine remission is the best. 
This is incorrect. Provided a period of four to six 
weeks of freedom from iodine medication is allowed 
to elapse, then iodine will continue to exert its 
control on the thyrotoxicosis. 

In interpreting observations on the basal meta- 
bolism in thyrotoxicosis, it is important not to rely 
on isolated readings, particularly in the case whose 
basal metabolism suddenly falls, then rises, on 
iodine. Several readings at daily or two-day 
intervals will indicate how a case is reacting to 
iodine, whereas a single reading on the twelfth day 
would mislead. Thus, by the twelfth day of iodine 
medication the basal metabolism might, after a sharp 
fall, be ‘on the rise’, yet the figure, being lower 
than the initial reading, would erroneously imply 
that the basal metabolism was falling. 

In this section a study has been made of the basal 
metabolism in thyrotoxicosis, and the relationship 
between the various reactions of the basal meta- 
bolism to iodine and the operability of the case. 
It is, of course, appreciated that there are other 
factors of importance to guide the surgeon in perform- 
ing a successful subtotal thyroidectomy—such as 
the skill of the surgeon, his decision on the extent 
of surgery the patient’s condition permits, the type 
of operation, the pre-operative treatment excluding 
iodine, the anesthesia, and the immediate post- 
operative treatment. With these very important 
aspects of surgery of the thyroid gland, this paper 
is not concerned. It is believed, however, that one, 
if not the most important single assessment of a 
patient’s ability to withstand a thyroid operation for 
thyrotoxicosis is the response to, and the level of 
the basal metabolism after, iodine medication. So- 
called thyroid surgeons, before and after the value 
of iodine was appreciated, have used their own 
judgement in deciding when to operate and their 
mortality-rates were low. Less experienced surgeons 
were not so fortunate. It is for the latter type of 
surgeon that the basal metabolism, as a means of 
assessing the ability of patients to withstand opera- 
tion, can be of invaluable help. 


SUMMARY AND CONCLUSIONS 


1. Iodine and all its soluble compounds are 
equally effective in controlling thyrotoxicosis. The 
total amount of iodine in 30 min. of Lugol’s solution 
(5 per cent iodine, Io per cent potassium iodide in 
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water) is equivalent to that in 4} gr. of potassium 
iodide and 4 gr. of sodium iodide each containing 
approximately 220 mg. 

2. The disadvantages of Lugol’s solution far 
outweigh its advantages as the ideal iodine com- 
pound in the treatment of thyrotoxicosis. The 
iodides of sodium or potassium are more satisfactory. 

3. The system, which at present prevails in some 
clinics, of giving gradually increasing doses of iodine, 
has no justification. This unnecessary complication 
in dosage only confuses medical treatment, and it 
has no advantages over a constant daily dose of about 
200 mg. of iodine. 

4. The basal metabolism is probably the best 
single guide in assessing when a case of thyrotoxi- 
cosis is ready for operation. Surgeons experienced 
in thyroid surgery can rely, and have relied, on their 
clinical judgement in place of measurement of the 
basal metabolism, but for less experienced surgeons 
measurement of the basal metabolism provides a 
ready means of assessing the clinical state of the 
patient at any time during iodine medication. 

5. The rule-of-thumb procedure of operating on 
cases of thyrotoxicosis after ten days of iodine medica- 
tion is not without risk. The reason is that the 
maximum improvement obtained from iodine does 
not always occur on the tenth day—it may be earlier 
and it may be later. By the tenth day of iodine 


medication iodine may have lost its ability to control 
the thyrotoxicosis, and with the basal metabolism 
rising operation is not without risk. 

6. Iodine causes four different types of reaction 
on the basal metabolism in thyrotoxicosis, and in 


two of the types operation on the thyroid is contra- 
indicated. These types of reactions are best de- 
tected by carrying out several basal metabolism 
determinations throughout iodine therapy. An 
isolated reading on the tenth or twelfth day of iodine 
medication, common in certain clinics, may give 
misleading information. Thus, by the tenth or 
twelfth day, the iodine may have lost its ability to 
control the thyrotoxicosis and the basal metabolism 
started to rise. At this point a reading would be 
lower than the initial basal metabolism, implying 
that the basal metabolism was falling. 

7. The belief that iodine will produce its best 
response when given for the first time is incorrect. 
Provided an interval of four to six weeks has elapsed, 
when no iodine or its compounds have been taken, 
it will bring about its typical remision of the thyro- 
toxicosis again. 


Il. THE POST-OPERATIVE REACTION 
AFTER SUBTOTAL THYROIDECTOMY FOR 
THE RELIEF OF THYROTOXICOSIS 


In the previous section it was stated that it 
seemed desirable to depress the basal metabolism 
to as low a figure as possible with iodine before 
operating on the thyroid. In the description of the 
cases that follow an attempt is made to prove that 
this procedure is justified. The proof is based on 
measurements of the basal metabolism immediately 
after subtotal thyroidectomy on cases where iodine 
brought about a varied response pre-operatively. 
In some cases iodine succeeded in causing the basal 
metabolism to fall to within normal limits, but in 
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others iodine only brought about a slight fa | ang 
operation was carried out when the basal meta. 
bolism was at a high level. 

Observations on the basal metabolism in cases 
of thyrotoxicosis immediately after operatior. have 
been reported by Sturgis (1923), Boothby <:921), 
Eberts (1921), and Segall and Means (1924. Ip 
this paper the findings of the above author. have 
been extended to include not only thyrotox:cosis, 
but also non-toxic goitre, simple glands of neck, 
and abdominal operations in an attempt to determine 
whether the post-operative rise in the basal meta- 
bolism is specific for a thyroid that is producing a 
toxic secretion. 


METHODS 


All metabolism determinations were carried out 
under strictly basal conditions.. The pre-operative 
determinations were measured in a room in the 
Courtauld Institute where the patients were brought 
from the wards in chairs. In cases of thyrotoxicosis 
the first basal metabolism plotted on the chart was 
the reading taken after rest and sedatives had taken 
effect and was 15 to 40 per cent lower than the initial 
observation. After a constant reading was obtained 
180 to 200 mg. of iodine were given daily in the form 
of potassium or sodium iodide or Lugol’s solution. 
The second basal metabolism determination charted 
was the lowest constant reading reached after iodine, 
and this occurred, as stated in the previous paper, 
in from six to twenty-five days. The post-operative 
readings were taken in the wards at the bedside 
behind screens. For the first two mornings after 
operation the patients complained of difficulty in 
swallowing and painful necks, but the discomfort 
was not such as to prevent them having their basal 
metabolism measured. When fever was present, 
and this commonly occurred after operation, the 
necessary correction in the basal metabolism by 
subtracting 7:2 per cent for each degree F. was made 
as suggested by Dubois (1936). 

In taking the temperature the thermometer was 
left in the mouth for six minutes and the readings 
were taken before those of the basal metabolism. 

Pulse-rate readings of a minute’s duration were 
taken at intervals during the metabolism determina- 
tion, but only the lowest rate was recorded. 

Blood-pressures were taken at the conclusion of 
the metabolism determination, and while the patient 
was still at rest. 

In Chart 7 (Fig. 268) are the pre- and post- 
operative records of the basal metabolism in three 
selected cases of thyrotoxicosis showing different 
responses to iodine. In ‘ J.D.’ the basal metabolism 
could not be depressed below — 50, in ‘A.C.’ it 
fell to the lower figure of + 24, while in ‘ M.D.’ 
it fell to within normal limits. On the day after 
operation there was a rise in the basal metabolism 
in all three cases, the rise being greatest (47 per cent) 
where the pre-operative metabolism on iodine was 
the highest (i.e., J.D. at — 50), and only 1§ per cent 
where iodine had caused the metabolism to fall to 
normal (i.e., M.D. at —2). The fall in metabolism 
from the peak on the first day after operation was 
rapid, reaching normal limits in three to nine days, 
the return to normal being most rapid in the case 
where iodine had reduced the basal metabolism to 
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thyroidectomy for non-toxic goitre, and after opera- 
tions for secondary glands in the neck and chronic 
appendicitis. It will be seen that all curves are 


normal before operation. The basal pulse-rates 
recorded on Chart 8 (Fig. 269) followed the curves 
of the basal metabolism closely. 
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Fic. 268.—Chart 7. Pre- and post-operative basal meta- 
bolic rate records in three cases of thyrotoxicosis, showing 
different responses to iodine. 





Fic. 270.—Chart 9. Comparison of post-operative curve 
of basal metabolism in a case of thyrotoxicosis reduced to 
normal with iodine (M. D.), with those of J. S., Subtotal thyroid- 
ectomy for relief of non-toxic goitre; A. P., For-chronic 
es A. M., For removal of secondary glands of 
neck. 


It is commonly believed that the post-operative 
reaction after subtotal thyroidectomy for the relief 
of thyrotoxicosis is indicative of a pouring out of a 
toxic secretion from the thyroid gland into the general 
circulation. This apparently is supported by the 
findings in Chart 7, which showed that the post- 
operative reaction is most marked in the case with 
the highest pre-operative basal metabolism after 


comparable both as regards the percentage rise in 
metabolism of the peak on the day after operation, 
and the length of time the metabolism takes to 
return to normal. The pulse-rates are not 
charted, but they again followed the course 
of the metabolic rates closely. The post- 
operative rise in the basal metabolism is 
therefore not specific for thyrotoxicosis, but 
it occurs to the same degree after operations 
for the relief of non-toxic goitre, glands in 
neck, and chronic appendicitis. 

Attention has been drawn by Lerman 
(1930) and Means (1937) to a temperature 
reaction of several days’ duration which 
invariably accompanies the convalescence 
following subtotal thyroidectomy for thyro- 
toxicosis. In Chart 9 the daily temperatures 
after operations for the relief of thyrotoxi- 
cosis, non-toxic goitre, and chronic appen- 
dicitis are plotted. The findings of Lerman 
and Means are confirmed that fever, not 
associated with any evidence of infection, 
is present for several days after operations 
for the relief of thyrotoxicosis. This post- 
6 > operative temperature reaction does not 
Fic. 269.—Chart 8. Basal pulse-rates in same cases as in Chart 7,| appear to be specific for operations on toxic 

showing the close approximation to the basal metabolism curves. goitres, as it also is present after operations 
on non-toxic goitre, for chronic appendicitis, 
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iodine medication, i.e., the most severe grade of 
thyrotoxicosis. In Chart 9 (Fig. 270) the post- 
operative curve of the basal metabolism in a case 
of thyrotoxicosis, reduced to normal with iodine, 
is compared with the curves following subtotal 


and for removal of secondary glands in neck (not 
charted in Chart 10 (Fig. 271) in order to avoid 
confusing the other three curves). 

In Chart 11 (Fig. 272) variations in the systolic 
blood-pressure after the various types of operations 
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are plotted. It will be seen that the blood-pressure 
rises after operations but returns to normal in two 
to three days, and that the elevations in blood- 
pressure are of the same degree irrespective of the 
nature of the operation. 











Days after operation 
109 °r i 2 3 4 5 6 4 8 
10d 
QP ee, 7 
9GnR / 
9 
Fic. 271.—Chart 10. Temperature recordings after 


operations for the relief of thyrotoxicosis (A. A.), non-toxic 
goitre (A. R.), and chronic appendicitis (G. P.) 


In the operations described above for the relief 
of the thyrotoxicosis, non-toxic goitre, appendicitis, 
glands of neck, and the like, various types of anzs- 
thesia were employed such as the different forms of 
local, general, and local plus general. 

Despite the use of different anesthetics, the post- 
operative metabolisms appeared to be dependent only 
on the level of the pre-operative basal metabolism 
and unaffected by the type of anesthesia employed. 
A study of the effects of a general anesthetic 
on the basal metabolism was made, however, and 
the findings are shown in Chart 12 (Fig. 273). 
The patients were given an anesthetic to allow of a 
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to find a slight fever of 99° F. on the day f ‘Llowing 
the administration of the anesthetic. 


DISCUSSION 


After subtotal thyroidectomy for the telief of 
thyrotoxicosis, there is a post-operative reaction 
which is well-known to surgeons and nursing staff 
This includes an increased pulse-rate, a raised meta- 
bolism, and fever, with the peak on the day after 
operation falling to a normal level in six to eight 
days. No satisfactory reason has been given to 
explain the fever, which is not an indication of 
infection. It is tempting to ascribe the whole post- 
operative reaction to a pouring out of thyroid secre- 
tion from the gland into the general circulation, 
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FIG. 273.—Chart 12. Showing effect of general anesthetic 
on the basal metabolism. 


There would appear to be support for this when it is 
appreciated that thyrotoxicosis is a disease associated 
with tachycardia, a raised metabolism, and not 
uncommonly a temperature above normal. Further 
proof for this concept seemed to be given in this 
paper, when it was found that the higher the meta- 
bolism on the day before operation, the more marked 
was the post-operative reaction. When the observa- 
tions were extended, however, to include non-toxic 
goitre, tuberculous and malignant glands of 
the neck, and chronic appendicitis, it was 
found that the post-operative reaction was 
of the same degree as that obtained in 
thyrotoxicosis. It would appear, therefore, 
that the syndrome of tachycardia, increased 
metabolism, and fever following subtotal 
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Fic. 272.—Chart 11. Variations in systolic blood-pressure 
after various types of operations. J. S., Subtotal thyroidectomy 
for non-toxic goitre ; M.C., Subtotal thyroidectomy for thyro- 
toxicosis; A. P., For chronic appendicitis ; A. M., For removal 
of secondary glands of neck. 


simple gynecological examination or an insufflation 
of the Fallopian tubes, but no surgical procedure 
involving trauma or incisions was carried out. In 
no case was the basal metabolism, in the days follow- 
ing the anesthetic, above that of the pre-operative 
level. Observations on the pulse-rate and systolic 
blood-pressure also showed no significant change. 
It was, however, noted that it was not uncommon 


thyroidectomy for the relief of thyrotoxicosis 
is simply the result of a surgical operation 
and is not due to any specific thyroid factor. 
In order to ‘determine whether the anzs- 
thetic was responsible for the post-operative reaction; 
a series of cases which were anesthetized but not 
submitted to any surgical procedure involving trauma 
to skin vessels or organs were studied. It was found 
that the anesthetic per se did not cause an increased 
basal metabolism or tachycardia. 


SUMMARY AND CONCLUSIONS 


1. After subtotal thyroidectomy for the relief 
of thyrotoxicosis there is a post-operative reaction 
which includes a raised basal metabolism, fever, 
tachycardia, and increased blood-pressure wi 
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the peak on the day after the operation, and a return 
to normal in six to eight days. 

2. This post-operative reaction is not specific 
for operations on a toxic goitre, but is present to the 
game degree after operations on non-toxic goitre, 
glands of neck, and for chronic appendicitis. 

3. The syndrome is not present after the adminis- 
tration of an anesthetic unaccompanied by any 
surgical trauma. It appears, therefore, that the 
typical reaction, which invariably follows an opera- 
tion, is due solely to the effects of surgery and not to 
the anesthetic. 


Il. THE EFFECTS OF IODINE 
MEDICATION AFTER SUBTOTAL 
THYROIDECTOMY FOR 
THYROTOXICOSIS 


Plummer (1923) was the first to suggest giving 
jodine post-operatively in order to combat the 
severe reaction which invariably followed subtotal 
thyroidectomy for the relief of thyrotoxicosis. This 
was based on the assumption that the operative 
mortality was due to a lack of iodine, resulting in the 
secretion from the thyroid gland of an incompletely 
iodized product with very toxic properties. The 
administration of iodine after subtotal thyroidectomy 
according to Plummer caused a sharp fall in the post- 
operative deaths. Ina later publication with Boothby 
(Plummer and Boothby, 1924) a careful study was 
made of the effects of iodine in thyrotoxicosis before 
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Thus Means (1937) gave iodine for ten days after 
operation, when the patient is discharged. Joll 
(1932) increased the iodine in twenty-four hours 
following operations, then reduced it to 10 min. of 
Lugol’s solution daily for ten to twelve days. Among 
others, Pemberton (1926), Else (1929), and Jackson 
(1929) continued iodine for varying periods after 
operation. On the other hand, Davison and Aries 
(1939) believed that iodine administration after 
operation was not important. They compared a 
group of cases having iodine post-operatively with 
another group having no iodine, and they found no 
difference in the reactions as judged clinically and 
by the temperature, pulse-rate, and respiration. 

The incidence of thyrotoxicosis following sub- 
total thyroidectomy for the relief of that condition 
has been well reviewed by Thompson, Morris, and 
Thompson (1930), and it ranges in different clinics 
from 0°25 to 25 per cent. Controversy still exists 
whether the thyrotoxicosis which occurs after sub- 
total thyroidectomy is due to a persistence or a recur- 
rence of the disease. It has been suggested that if 
the basal metabolism remains within normal limits 
one to two months after iodine has been stopped, 
then any thyrotoxicosis subsequent to this is due to a 
recurrence of the disease, and any thyrotoxicosis 
previous to this is due to a persistence. 

In the description of the cases which follows an 
attempt is made to determine the merits of giving 
iodine as a post-operative measure, and at the 
same time to find a means of assessing as early as 
possible a successful subtotal thyroidectomy: 


EXPERIMENTAL 


In order to observe the effects of iodine 
on the post-operative reaction following sub- 
total thyroidectomy for thyrotoxicosis, two 
groups of cases were studied. In one group 
iodine was commenced after the usual period 
of rest and it was continued for fourteen days 
after operation. In the second group iodine 
was stopped the day before operation. Ip 
Chart 13 (Fig. 274) typical curves of the 
basal metabolism in a case from each group 
are shown. It will be seen that the post- 
operative rises in metabolism on the day 
following operation are of the same degree, 
and in each case the basal metabolism falls 
to normal limits within a week. It is 
apparent, then, that, if patients are adequately 
prepared for operation with iodine, it is not 
necessary to continue its administration 
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Fic. 274.—Chart 13. 
reaction following subtotal thyroidectomy for thyrotoxicosis. 


nature, has been discussed in the first section. In 
clinics where the teachings of Plummer and Boothby 
are observed, thyroid operations are carried out when 
lodine has brought about the maximum improve- 
ment, and this may vary from so short a time as six 
days to as long a time as twenty-five days. It is the 
custom in most clinics to continue the iodine after 
thyroid operations for several weeks or months. 





Showing the effect of iodine on the post-operative 


after the thyroid has been removed. 

As iodine does not appear to play an 
essential part in the after-treatment of 
subtotal thyroidectomy, it was decided to 
investigate whether its administration had any 
disadvantages. It is well known that iodine 
causes the basal metabolism of thyrotoxicosis 
to fall, and that its action wears off after it has been 
stopped. The duration of the so-called iodine control 
of the basal metabolism and of the symptoms of 
thyrotoxicosis, both during its actual administration 
and after it has been stopped, is not well defined. An 
opportunity arose for making observations on the 
latter in a surgical case and the basal metabolism 
findings are plotted on Chart 14 (Fig. 275). 
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E. J., aged 18, was a case of thyrotoxicosis with the 
right lobe of the thyroid much more enlarged than the 
left, so that clinically she was labelled an adenoma of 
the thyroid. Iodine brought about a steady fall in the 
basal metabolism to the region of 3 in seventeen days, at 
which level the surgeon decided, instead of performing 
the customary subtotal thyroidectomy, to remove the 
right lobe of the gland only. Iodine was stopped on 
the day before operation, as a routine, and after an 
uninterrupted convalescence the basal metabolism was 
measured on the twelfth day after operation before 
discharge from hospital. The basal metabolism was 
+ 20, i.e., higher than the level to which iodine had 
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was then given for several days before as well 5 after 
operation. The beneficial effects of pre-o; erative 
iodine in thyrotoxicosis have been descrised jp 
detail by Plummer and his colleagues at the Mayo 
Clinic. They showed that iodine brought avout , 
marked clinical improvement and a fall in the basal 
metabolism, and that if operation was delayed untij 
iodine had produced its maximum effect, the post- 
operative reaction was diminished accordingly, 

It is the custom in most clinics to continue iodine 
for several weeks or months after thyroid operations, 
This appears to be due to two reasons. First, it is 
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Fic. 275.—Chart 14. Basal metabolism findings in a study of iodine control in a surgical case of thyrotoxicosis. 


reduced it before operation, and also raised above the 
limits of the normal controls. Despite the metabolism 
findings, a cure was claimed to have been established 
clinically. In four months’ time the patient returned 
to hospital for a routine re-examination. By this time 
her basal metabolism was + 65, and clinically it was now 
obvious that thyrotoxicosis was present despite a gain of 
weight of almost 11 lb. She was taken into hospital 
for a further operation, and her progress is shown in 
Chart 14. 

On iodine the basal metabolism fell from + 40 to 
+ 12 in seven days, following which the patient became 
refractory to iodine and the basal metabolism began to 
rise despite iodine medication. Iodine was therefore 
stopped, but recommenced in six weeks’ time. On this 
occasion a steady fall in the basal metabolism took place 
to the region of —3, at which level about seven-eighths 
of the gland remnant was removed. A satisfactory 
post-operative basal metabolism of —5 resulted. 


DISCUSSION 


Iodine was first given for several days after sub- 
total thyroidectomy for thyrotoxicosis in order to 
control the severe, often fatal, post-operative reac- 
tion. This procedure was later altered, and iodine 


believed that when the thyroid gland of a case of 
thyrotoxicosis is cut, and absorption of the gland 
toxin takes place into the general circulation, 
iodine is supposed to neutralize this toxin and 
control the resultant post-operative reaction. 
Secondly, it has been claimed that the post-operative 
administration of iodine prevents regrowth of thyroid 
tissue and a recurrence or a persistence of the thyro- 
toxicosis. With regard to the theory of a toxic 
absorption from the cut surfaces of the gland, evi- 
dence has been brought forward in a previous paper 
which suggests that this hypothesis is unlikely. 
Further, the administration of iodine after subtotal 
thyroidectomy did not control the increased basal 
metabolism in the days following the operation. 
The post-operative rise and decline in the basal 
metabolism was the same whether iodine was 
administered or not. Observations on the pulse- 
rate and body temperature agreed with the basal 
metabolism findings. It would appear, therefore, 
that iodine has no therapeutic value when given after 
subtotal thyroidectomy provided it has been given 
in adequate amounts before operation. The claim 
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THYROTOXICOSIS AS 


that post-operative iodine can prevent regeneration 
of thyroid tissue and recurrence of the thyrotoxi- 
csis is based on the observations of Marine and 
Lenhart (1909), who demonstrated that iodine 
inhibited compensatory hypertrophy of a normal 
thyroid remnant following removal of part of the 
gand. This view is not shared by the majority 
of workers, and it seems probable that iodine plays 
no part in the prevention of a persistence or a recur- 
rence of the thyrotoxicosis after subtotal thyroid- 
etomy. It is interesting to note that Thompson, 
Thompson, and Morris (1930) found little difference 
in the rate of recurrent thyrotoxicosis in the days 
before iodine was used (17°I per cent) compared 
with the rate since the introduction of iodine 
(195 per cent). It appears, then, that recurrent or 
persistent thyrotoxicosis is independent of iodine 
administration, but rather it is related to some other 
cause such as the nature of the operation, the cause 
of the disease, or the like. As a corollary to the 
above, evidence has been brought forward in this 
paper to show that if iodine administration after 
subtotal thyroidectomy cannot do any good, then 
it probably may do harm. The administration 
of iodine after operation has the disadvantage of 
temporarily masking an active thyrotoxicosis, which 
will only become apparent after the iodine is stopped 
or until the patient becomes refractory to it. It is 
believed that if iodine is stopped on the day before 
subtotal thyroidectomy, then it will be possible to 
state by the twelfth day after operation (i.e., before 
the patient leaves hospital) whether a successful 
operation for thyrotoxicosis has been carried out or 
not. If the basal metabolism on the twelfth day 
after operation is significantly higher than the lowest 
pre-operative reading after iodine or above the 
limits of the normal controls, then the thyrotoxicosis 
is persisting and an inadequate amount of gland has 
been removed, and this despite absence of tachy- 
cardia, gain in weight, and other evidences of clinical 
improvement. In other words, the basal metabolism 
is a most sensitive index of the presence or absence 
of thyrotoxicosis. 


SUMMARY AND CONCLUSIONS 


I. If a case of thyrotoxicosis is given iodine in 
adequate amounts and subtotal thyroidectomy is 
carried out when the maximum clinical improvement 
With iodine has taken place, there is no need from a 
therapeutic point of view to continue iodine after 
the operation. Iodine given after subtotal thyroid- 
éctomy does not exert any control on the post-opera- 
tive reaction. The post-operative rise and decline 
in basal metabolism, the pulse-rate, and body 
temperature in cases treated with iodine post- 
operatively were similar in those cases treated without 
lodine post-operatively. 

2. If iodine is not continued after subtotal 
thyroidectomy it is possible to state by the twelfth 
day after operation whether the thyrotoxicosis has 
been relieved. If the basal metabolism on the 
twelfth day after operation is higher than the lowest 
Pre-operative level or above normal limits, then the 
thyrotoxicosis has not been relieved. The basal 


; Metabolism is a more sensitive index of an unsuccess- 


ful operation for the relief of thyrotoxicosis than the 


pulse-r:.:e, the weight, or the clinical symptoms. 
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ARTHUR TUDOR EDWARDS 
(1890—1946) 


Tue death of Tudor Edwards has robbed the world 
of a master-surgeon and Britain of the most brilliant 
operator in the domain of thoracic surgery. Though 
only 56 years of age, he had long acquired a veritably 
international reputation, and his pupils, assistants, 





TUDOR EDWARDS 
(1890—1946) 


and those who had come under his influence and 
spell are to be numbered in every Dominion and in 
many countries outside the British Empire. 

The years of early training were spent in 
Middlesex Hospital, a fruitful nursery of surgical 
operators. Tudor Edwards served in two wars ; 
doubtless his experience of forward surgery in the 
1914-18 armageddon first directed his thoughts 
towards the thorax as his own future surgical pro- 
vince ; the recent world war found him giving of 
his knowledge and experience in the role of consultant 
for injuries and diseases of the chest to the Ministry 
of Health, to the War Office, and to the Royal Air 
Force. Tudor had rightly approached the specialty 
which was to make him world-famous along the 
avenue of general surgery, and his contacts with 
such men as Bland-Sutton, Moynihan, and Cuthbert 
Wallace cannot have failed to exert some influence 
on his surgical outlook. 


His chest surgery was learned from no other 
pioneer, but carved out of the hard rock of personal 
experience. He was perhaps fortunate in the exact 
moment of his surgical activity, for the great 
advances in anesthesia facilitated his work, and 
Tudor Edwards was also blessed in the co-operation 
of wise physician-colleagues, particularly at Brompton 
Hospital, who were possessed of vision and who 
reposed their complete confidence in him. To-day 
outstanding surgical achievements are not con- 
summated by the lone worker, but by the man who 
can organize and inspire colleagues, assistants, and 
nursing staff to form one harmonious loyal unit. 
The leadership of Tudor Edwards attracted around 
him such a coterie of acolytes. The number of 
hospitals he served was legion: Westminster, the 
London, Queen Mary’s, Roehampton, Midhurst, 
Millbank, and many others; doubtless his heart 
lay in Brompton, but he served each institution with 
fidelity and brought lustre and distinction wherever 
he was attached. 

Surgical honours came to him in abundance from 
colleagues at home and from universities and learned 
associations abroad ; he was an Honorary M.D. of 
Grenoble and of Oslo Universities ; an Honorary 
Fellow of the American Society of Thoracic Sur- 
geons ; he had occupied the presidential chair of 
various British associations concerned with the 
chest ; he was a valued member of the Council of 
the Royal College of Surgeons of England. The 
written word is often a meretricious avenue to 
international reputation; Tudor Edwards’s fame 
has rested and will rest on his deeds rather than 
words, although 33 papers under his name are 
chronicled in the Cumulative Index and there was 
also that last notable paper in the first number of 
the new journal Thorax, in which he summarized his 
experiences in over 1000 cases of bronchial carcinoma, 
including 70 cases in which he had _ performed 
pneumonectomy or lobectomy for this disease. 

Despite the menace of a malady which finally 
carried him off, he continued to soar aloft to the 
surgical empyrean, disdaining the black cloud of 
death which threatened his life so long. The 
amount of work which he accomplished was prfo- 
digious and more and more exacting in its character. 
Like the Emperors Vespasian and Hadrian, who 
when reproved for activities prejudicial to failing 





health replied, “An Emperor must die standing”; 
Tudor obstinately refused to spare himself. Perhaps 
no man has borne so heavy a medical burden, for 
there were few physicians or surgeons who did not 
turn to him for help for themselves or their kith and 
kin when stricken with thoracic maladies. 

The man who achieved all this was no leaden 
superman, but a vital figure with all the charms and 
graces. The pioneer is seldom the exploiter, bu! 
Tudor Edwards was happily spared to see th 
water of early conviction become the red wine 0 
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PANCREATITIS WITH 
established faith. He lived to enjoy the satisfaction, 
not only of gazing retrospectively on his own brilliant 
ioneer achievements, but of looking forwards into 
the promising vista which his work had opened up. 
Well might he have exclaimed in the words of 
Valiant-for-Truth, “‘ Yet now I do not repent me 
of all the trouble I have been at to arrive where 


SUBCUTANEOUS 


FAT NECROSIS 207 
I am. My sword I give to him that shall succeed 
me in my Pilgrimage, and my Courage and Skill 
to him that can get it... .” 


Pulchrumque mori succurrit in armis.* 


* Aeneid, ii, 317. 





SHORT NOTES OF RARE OR OBSCURE CASES 





A CASE OF ACUTE PANCREATITIS WITH SUBCUTANEOUS 
FAT NECROSIS 
By HUGH BLAUVELT 


SURGEON, NORTH MIDDLESEX COUNTY HOSPITAL, LONDON 


Fat necrosis due to acute pancreatitis is commonly 
seen within the abdomen where it affects the mesen- 
tery, the omentum, the pancreas, and the peritoneum. 
Outside the abdominal cavity fat necrosis is rare 
except in the extraperitoneal fat. The occurrence 
of necrosis in more distant regions and structures 


Nausea and vomiting occurred the day before she entered 
hospital. The bowels were constipated and micturition 
was difficult. The previous history revealed no detail 
of importance. 

ON ADMISSION.—The patient looked seriously ill. 
T. 99°6°, P. 120, R. 24. The abdomen was not distended, 
but there was generalized tenderness and rigidity and 





Fic. 276.—-Showing the pigmented areas in the right thigh. 


—the mediastinum, the pleura, the pericardium, the 
marrow of long bones, and the peri-articular fat— 
has been observed, but except in connexion with 
the experimentally produced acute pancreatitis of 
animals no record can be discovered of necrosis 
developing in the subcutaneous fat. 

In the case of acute pancreatitis herein described 
areas of fat necrosis were present in the subcutaneous 
fat covering most of the body. 


CASE REPORT 


‘ M. C,, a married woman 4I years old, was admitted 
2 the ‘North Middlesex County Hospital on Oct. 27, 
939, complaining of epigastric pain of two days’ duration. 


these were more marked over the gall-bladder. The 
diagnosis lay between acute cholecystitis and acute 
pancreatitis. 

The following day many red areas resembling the 
eruptions of erythema nodosum appeared upon the skin 
of the legs and arms. 

FIRST OPERATION.—On Oct. 29 laparotomy was 
decided upon. The incision in the abdominal wall 
revealed necrosis of the extraperitoneal fat and the 
peritoneal cavity was not opened. A portion of one of 
the superficial lesions on the right leg was excised and the 
cut surface showed the typical appearance of fat necrosis. 

DESCRIPTION OF THE SKIN LESIONS.—The superficial 
areas of fat necrosis were confined to the arms, legs, and 


.buttocks, with the exception of two lesions which were 
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situated on the back immediately to the right of the 
11th dorsal spine. All the lesions appeared during the first 
week of the illness, but two were discovered for the 
first time five weeks after her admission to hospital. Of 
these two nodules, one was about 2 in. below and to the 
left of the umbilicus, and the other was situated in the 
subcutaneous tissue of the right flank. 

The distribution of the lesions in the affected parts 
was not uniform, the most extensively involved areas 
being the upper and outer aspects of the thigh and the 
tissues close to and below the knee. The lesions on the 
right leg were more numerous than those on the left. 

In size the lesions varied from a mark no larger than 
a pin-prick to a round or oval patch 2 in. or more in 
diameter ; the majority measured about } in. across. 
All the lesions exhibited the same round or oval shape 
and in no case was any marked irregularity in the outline 
observed. (Fig. 276.) 

The surface of several of the spots was slightly raised 
above the level of the surrounding skin. Unlike the 
remaining and more numerous ones, these plaques were 
softer in the centre than towards the periphery and they 
thus resembled small abscesses ; suppuration, however, 
did not occur in any one of them. 

Microscopical examination of the portion of tissue 
removed at operation displayed the characteristic features 
of fat necrosis and showed no evidence of cellular activity 
or of vascular reaction. 

TESTS AND INVESTIGATIONS.— 

Urinalysis (Dec. 21): Catheter specimen of urine— 
red blood cells, pus, and B. coli. These abnormalities no 
doubt were due to infection from previous catheterization. 

Urinary Diastase: Oct. 30, 2400 units for 24 hours, 
representing an index of 10; Dec. 21, 8700, or an index 
of 6. 

Blood-sugar (Nov. 3): 90 mg. per I00 c.c. 

W.B.C.: Oct. 30, 12,500; Dec. 21, 7200. 

Loewi’s mydriatic reaction, positive. 

Radiographs of the abdomen showed signs of gall- 
stones. Radiographs of the limbs on several occasions 
showed nothing abnormal until July, 1940, when vague 
shadows were present suggestive of calcification in the 
necrotic lesions. 

CLINICAL PROGRESS.—Retention of urine occurred 
during the first six days following operation and was 
treated by repeated catheterization. Eight days after 
operation 10 oz. of fluid containing yellow flakes was 
vomited. Unfortunately this was thrown away, but the 
yellow substance was described by a nurse as being 
** like soft butter’. Up to this date in hospital the patient 
had received no fat in her diet. 

Recovery proceeded slowly: she left hospital on 
Dec. 21, about eight weeks after admission. 

When examined as an out-patient seven months after 
the beginning of the illness all external signs of fat 
necrosis had disappeared with the exception of a few 
rose-coloured areas on the thighs. No abnormal thicken- 
ing was detected in any of these patches. 

SECOND OPERATION.—On Aug. 7, 1940, she was 
re-admitted to hospital and cholecystectomy was per- 
formed on the following day. The operation presented 
no difficulty and two small stones and a chronically 
inflamed gall-bladder were removed. On Aug. 10 she 
became comatose and death followed 24 hours later. 
The blood-urea before death was 200 mg. per I00 c.c. 

POST-MORTEM EXAMINATION.—The abdomen showed 
no sign of infection, hemorrhage, or bile leakage. The 
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liver, bile-ducts, and pancreas were normal nd no 
evidence was found of recent or of old fat necrosi:. The 
kidneys were small, contracted, and granular, ind no 
doubt death was due to chronic nephritis. In the limbs 
no calcified areas were found. 


COMMENT 


Fat necrosis in acute pancreatitis is due to the 
action of lipase upon the neutral fat of the tissues. 
The immediate result of this reaction is the produc- 
tion of glycerin and fatty acid. Following this the 
fatty acid unites with caicium to form an insoluble 
soap. This soap is the essential constituent of the 
opaque plaques which characterize fat necrosis. 

The Transportation of Lipase to the Site 
of the Lesion.—Lipase may be carried from the 
diseased pancreas to the various regions where fat 
necrosis has been observed in a number of ways, 
The lesions so frequently found in the peritoneum 
and mesentery and in the pancreas itself are usually 
regarded as the result of the direct spread of the 
liberated ferment. When the extraperitoneal fat, 
the pleura, the pericardium, and the mediastinum 
are affected the lipase is said to travel by way of the 
lymphatics. Necrotic lesions in the bone-marrow 
and peri-articular tissues have been attributed to 
pancreatic emboli travelling through the _ blood- 
stream. In the case of subcutaneous fat necrosis 
described in this paper such a method of dissemina- 
tion would best account for the occurrence of the 
lesions. 

A study of the blood-vessels draining the pancreas 
suggests that when the gland is acutely inflamed 
favourable conditions exist for the transference of 
minute particles of pancreatic tissue to the portal 
blood-stream. The portal vein is formed near the 
head of the pancreas by the union of the splenic 
and superior mesenteric veins. The pancreas itself 
is drained by many small vessels which open directly 
into the splenic, the superior and inferior mesenteric, 
and the veins along the greater curvature of the 
stomach. When the head of the pancreas is in- 
flamed and swollen the portal vein is likely to be 
pressed upon close to its origin. As a result of this 
venous obstruction the pancreas becomes congested 
and microscopical portions of tissue may be absorbed 
and eventually reach the systemic circulation. 

Involvement of Stomach and Bladder.—ln 
the author’s case the possibility of submucous lesions 
in the stomach and their separation and appearance 
in the vomited material cannot be overlooked. The 
fact that no blood was observed in the stomach 
contents is evidence, but not proof, against such an 
occurrence. 

Dysuria is not a rare symptom in acute pal- 
creatitis and it may be explained by the presenc 
of areas of fat necrosis underneath the peritoneum 
of the bladder. A deposit of this nature in contact 
with the muscle tissue of the bladder might interfere 
with the neuromuscular mechanism of micturition. 
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A CASE OF CONGENITAL MULTIPLE ARTERIOVENOUS FISTUL/ 
OF THE HAND 
By J. A. WHITE 


SURGEON, PARK PREWETT HOSPITAL, BASINGSTOKE 


CONGENITAL arteriovenous fistula of the extremities 
would appear from the literature to be a rare condi- 
tion. Pemberton and Saint (1928) reported 9 cases 
at the Mayo Clinic between 1916 and 1928. Lewis 
(1930) collected 24 cases from the literature and 
described 6 of his own. Other writers have reported 
one.or two cases. Horton (1932), however, produced 


a series of 23 from the Mayo Clinic between 1929 


The hand was used by the patient for all 
ordinary purposes, and its function was fair. Elevating 
the arm caused the dilated veins to disappear. With 
the stethoscope a continuous-cycle bruit with systolic 
accentuation could be heard over most of the hand, but 
was maximum on the palmar surface at the base of the 
first finger. The bruit was high-pitched and musical, 
and could be heard conducted as high as the right supra- 
clavicular fossa. No murmur could be detected above 


surface. 


Fic. 277.—Photographs of affected right hand, showing deformities, dilated veins, and normal thumb. 


and 1931. Some of these were only diagnosed by 
the venous oxygen content, and had no murmur 
or thrill, so it is possible that the condition is not so 
rare, but sometimes escapes recognition. Bone 
changes and local gigantism are reported in many 
of the cases, but malacia of the semilunar has not 
been mentioned. 


CASE REPORT 


A girl aged 12 was first seen on Feb. 7, 1943. The 
mother stated that a purplish discoloration of the right 
hand had been present from birth. Disproportionate 
Mcrease in the size of the hand, associated with some 
deformity, had been noticed in the last two or three 
years. The patient’s only complaint was of mild pain 
in the deformed fingers and in the wrist. 

ON EXAMINATION.—The patient was an intelligent 
healthy girl. The right hand showed a large irregular 
| Port-wine stain on both palmar and dorsal surfaces. 
The whole hand, with the exception of the thumb, which 
Was quite normal, was swollen and covered with dilated 
tortuous veins. Dilated veins were also present in the 
forearm. The four fingers showed gigantism and 
| deform'ties (Fig. 277). A thrill was palpable, maximum 
_m the palm. In addition to the radial and ulnar 
| atterie:, four deep pulsating vessels could be palpated, 
one or the palmar surface and three on the dorsal 


the wrist when a tourniquet had first been applied at this 
level, thus proving the arteriovenous communications 
responsible for murmurs to be at or below the wrist. 
This was not absolute proof, however, that other com- 
munications did not exist higher up, as cases have been 
described without murmurs (Horton, 1932). 

The right hand was definitely warmer, and usually 
moister, than the left. The heart showed no clinical 
signs of enlargement or abnormality. The right humerus, 
radius, and ulna were approximately half an inch longer 
than the left. 

The blood-pressure findings were interesting and 
were taken with the experimental model of the M.E.M. 
sphygmoscope (Mendelssohn et al., 1945) as it was found 
to be very difficult to determine the pressure in the 
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affected arm with the ordinary blood-pressure machine. 
This instrument has since been found very helpful in 
taking distal limb pressures in traumatic aneurysms. 

At rest the pulse-rate was 90, and it dropped to 83 
with compression of the right brachial artery (Branham’s 
or Nicoladoni’s sign). 

X-ray Findings (Figs. 278, 279).—Report by Dr. 
Feuchtwanger :— 


A B 
Fic. 278.—A, Radiograph of affected hand; B, Radiograph 
of normal hand for comparison. 


** Both Hands: WHyperostosis, i.e., excessive size and 
development, of right 2nd, 3rd, 4th, and 5th metacarpals. 
Thumb of normal size and length. Deformity of right 
radial and ulnar epiphysial regions, with slight lateral 
displacement of radial epiphysis. The right semilunar 
is smaller than the left and shows irregularity of bone 
structure, i.e., localized bone atrophy combined with 
beginning sclerosis, appearances of Kienbéck’s disease. 
Extensive destruction of proximal interphalangeal joint 
of index finger and distal interphalangeal joint of middle 
finger. Shafts of 2nd, 3rd, and 4th right proximal 
phalanges show irregular trabeculation and increased 
bone striation as seen usually in hemangioma. The 
left hand shows no radiological abnormality. Arterio- 
gram : Injection into right radial artery about 14 in. above 
wrist-joint. Right radial artery filled. No filling of 
thumb area. Extensive arterial filling of palmar arch 
with marked accumulation of opaque medium between 
heads of 2nd and 3rd metacarpals. Soft tissues of index 
finger show vascular filling of moderate density. Venous 
dilatation in lateral carpometacarpal region.” 

The arteriogram suggests multiple fistulz but gives no 
definite information as to number or site. It also suggests 
small aneurysmal sacs in the region of the 2nd and 3rd 
metacarpophalangeal joints, and this was the region which 
was first attacked surgically. Another arteriogram into 
the mid-brachial artery, but not giving such a good picture, 
is not included. It gives no further information, but it 
also fails to show filling of arteries to the thumb. 

TREATMENT AND PROGRESS.—Injections of sclerosing 
fluid (§ per cent sodium morrhuate) into regional veins 
and subcutaneous injections over the site of maximum 
murmur had no effect. Incidentally, the maximum 
murmur has recently, in some traumatic arteriovenous 
fistule, been found at some distance from the actual 
lesion. This has been on the proximal side of the fistula, 
where a deep vein, in its course back to the heart, has been 
approaching the surface. 

Four attempts at surgical extirpation over a period of 
eight months produced no clinical improvement, and the 
patient was discharged. 

Follow-up discovered that a severe hemorrhage had 
later necessitated amputation through the forearm at 
another hospital. 
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DISCUSSION 


Treatment.—Surgery and sclerosing in ections 
failed to produce any improvement. The ccndition 
can only be cured by closing all the fistulz. and jp 
most cases they are multiple and minute. § urgery 
is also made very difficult by the angiomatoys 
tissue. Horton (1932) states that “‘ apparently ” only 
three cases have been cured by surgical measures, 
He advocates injection of the regional veins with g 
sclerosing fluid in an attempt to obliterate the 
abnormal communications, and reports that in one 
case there was an “apparent” cure. In most cases 
it is probably best to do nothing until the heart is 
affected, and then amputation will be necessary, 
It is possible that the unsuccessful surgery in this 
reported case precipitated the necessity for amputa- 
tion before the heart was showing any signs of 
being affected. 


—<— 


Fic. 279.—Arteriogram of vessels of right hand. 
was into radial artery just above wrist. 


Injection 


Bone Changes.—This case shows hypertrophy; 
rarefaction, epiphysial changes, joint destruction, 
and a patchy sclerosis of the semilunar. All the § 
changes must be attributed to the vascular disorder, 
but it is interesting to speculate on the mechanism. 
The hypertrophy and epiphysial changes must 
surely be due to the increased blood-supply to the F 
limb, and occurred in the radius, ulna, and humerus, 
which were probably above the fistula, as well 
in the hand. The rarefaction and joint destructio? F 
are certainly due to invasion by the angiomatous 














tissue. It is difficult to explain the complete 
normality of the thumb, except by postulating a 
separate blood-supply from high in the upper arm, 









in which seems improbable, although arteriograms 
ge with injection into the brachial artery in the middle 
te of the upper arm and the radial just above the wrist 
only @ failed to show any of the arteries to the thumb. 

tg The generally accepted view of Kienbéck’s 





disease is that it is fundamentally due to a disturbance 
of blood-supply. Many authors have suggested 
injury as the cause of this disturbance, but it is 
interesting to note that Cave (1939) could only find 
one case in the literature following palmar disloca- 
tion, where the main posterior blood-supply must be 









ary, : : 
the damaged. Sclerosis often occurs, but revasculariza- 
uta- — ton and not collapse follows. Jackson Burrows 
; of § (1941), stresses the differences between aseptic 





necrosis and osteochondritis, and produces some 
experimental evidence that cutting off the arterial 
blood-supply produces aseptic necrosis and not 
osteochondritis. He suggests that either venous 
obstruction or hzmatoma formation within the 
nucleus may be the causal factor of osteochondritis. 
In this case one can imagine an arteriovenous com- 
munication between the main nutrient artery and 
vein just proximal to the semilunar. This would 
cut down the arterial supply to the bone, but would 
also increase the pressure in the vein with consequent 
venous obstruction. Other suggestions have been 
reflex vasomotor constriction (Leriche), embolic 
occlusion (Axhausen), endarteritis obliterans and 
thrombosis (Witts), and Mouatt et al. have described 
the conditions following phlegmon of the hand and 
scarlet fever. The above authors were quoted 
by Roth (1943). 

Blood-pressure Findings.—The interesting 
fact here is the great increase in systolic pressure in 
the affected arm. The possibility that this might 
be due to a temporary rise of general pressure 
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following occlusion of the arteriovenous communica- 
tions while taking the reading, was ruled out by 
taking the pressure in the normal arm while occlud- 
ing the blood-supply to the affected side. 

The systolic pressure was unaltered and the 
diastolic slightly lowered, as shown in the table of 
blood-pressures. Holman (1937), in his experi- 
mental fistule, reports considerable rise in general 
blood-pressure, both systolic and diastolic, when 
the fistula is occluded. That this did not happen 
in this case can be explained partly by the minute- 
ness of the communications (the small drop in pulse- 
rate is additional evidence of this), and partly by the 
adaptability of a youthful circulation. 

Holman also describes the enlargement of proxi- 
mal vessels which we know occurs above a fistula. 
The blood-pressure in a normal leg is higher than 
that in a normal arm, and larger vessels are mainly 
the cause of this. The increased systolic pressure 
in the affected arm in this case may likewise be 
attributed to the larger vessels. 

The lower diastolic pressure in the affected arm 
can be explained by the diminished peripheral 
resistance due to leakage through the fistule. 

Horton (1932) records the pressures of both 
limbs in four of his cases. In three the pressure was 
much higher on the affected side, and in one a little 
lower. 
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THE purpose of this paper is not to supply an exhaust- 
lve survey of melorheostosis, but to add a fourth 
case to the three cases hitherto published in the 
British literature. 
_ Boggon (1938) described a case in a man of 30, 
in whom the right side of the pelvis, the right tibia 
and fibula, and the bones of the right foot were 
affected, in association with gummatous ulceration. 
Fairbank (1939) regarded a case of Wakeley’s, 











shy, B ? boy of 8 in whom both legs were affected, as a 
ion, f UC instance of melorheostosis and a link with the 
the | ScMeralized form of osteosclerosis (Albers-Schén- 
der, berg). This is incidentally the only case ever 





described with well-marked bilateral features. 
Franklin and Matheson (1942) recorded a very 

_ &xtensive involvement of the skull, spine, pelvis, and 

' the bones of the arm and leg, all on the right side, 

/1 a woman of 41. 

',,,, Phe case described by Hall (1943), and that of 

Hilton (1934) quoted by Hall, cannot be regarded 
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as true instances of the disease, for the X-ray appear- 
ances are quite atypical. 

The present findings were an accidental radio- 
graphic discovery in a boy of 9 with mild knock-knee. 
There is involvement of the left ischium, the outer 
half of the lower femoral epiphysis, both fibular 
epiphyses, the talus, cuneiforms, and third and 
fourth metatarsals and phalanges, all on the left side 
(Figs. 280-283). There were no symptoms, and no 
signs apart from a palpable thickening on the dorsum 
of the foot. Serum-calcium, plasma-phosphorus, 
and phosphatase were normal. 

The purely epiphysial location in the fibula and 
femur is interesting and somewhat unusual. It 
will be noted that the shaft of the fibula, though 
not sclerosed, is almost twice the thickness of the 
right, with considerable blurring, and is pre- 
sumably exhibiting presclerotic changes. There are 


similar changes in the upper half of the left 
femur. 
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Fic. 281.—Sclerosis in the outer half of the left lower femoral 
epiphysis and in the upper epiphysis of the fibula. 


Fic. 280.—Sclerosis in the left ischium; thickening 
of the shaft of the left femur. 


Fic. 283.—Splashes of sclerosis in the cuneiforms, metatarsals, 
and phalanges of the left foot. 
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OF THE EXTENSOR POLLICIS BREVIS TENDON 


AN UNUSUAL LESION SIMULATING DE QUERVAIN’S DISEASE 
By JOHN A. SHEPHERD 


SURGEON LIEUTENANT COMMANDER, R.N.V.R. 


STENOSING tenovaginitis (de Quervain’s disease) is 
a well-recognized and fully documented condition, 
frst described in 1895 (Scheidner, 1928). In 
adults it usually affects the extensor pollicis brevis 
or the abductor pollicis longus, and in children has 
been described (Zadek, 1942) involving the flexor 
pollicis longus. In the common extensor type the 


patient complains of pain in the region of the radial 


Proximal 





Fic. 284.—Diagram of appearance on opening tendon- 
sheath. The long limb of the occluding structure detached 
from the roof of the sheath; the two short limbs attached to 
floor of sheath and the whole embracing the tendon tightly 
but unattached to tendon. Note the groove in the tendon from 
which the structure slipped off with a jerk. 


styloid and of difficulty in straightening the thumb, 
such that manipulation may be required. Passive 
movements meet with resistance and the thumb 
may extend with a definite ‘snap’. Classically, 
adduction at the wrist is free if the thumb be free, 
but is limited and painful if the thumb is included 
With the fingers in testing this wrist movement. 
There may be slight swelling over the affected 
tendon. The pathology tends to occur where the 
abductor pollicis longus and the extensor pollicis 
brevis pass beyond the osteofibrous canal overlying 
the lower end of the radius, and on exposure there is 
seen a fibrous thickening of the tendon sheath. 
| This tissue is hard and cuts like gristle, and it 
restricts the free play of an otherwise normal tendon. 
The histology suggests the reaction of trauma rather 
than infection, and certainly many cases occur in 
women using their hands with, for example, the 
Monotonous regularity of housework. Treatment 
VOL. XXXIV—NO. 134 


may be conservative or surgical. Immobilization 
may reduce the swelling of the sheath in an early 
stage of the condition. More satisfactory to surgeon 
and patient alike is the operative exposure of the 
tendon under local anesthesia; the sheath is laid 
open and the free action of the thumb can at once 
be demonstrated. 

Such was the condition in mind in examining 
and submitting to operation the patient described 
below: but an unusual and unexpected lesion was 
disclosed. 


CASE REPORT 


A naval officer aged 42 was admitted to hospital on 
July 18, 1945, complaining of pain in the right thumb. 
He recorded seven months’ disability due to pain at the 


Fic. 285.—Photograph of structure as it appeared after 
View of under-surface. (x 3.) 


excision. 


base of the thumb. There was no history of trauma, 
but he ascribed the condition to excessive writing during 
the previous year. Full abduction was difficult because 
he ‘‘ felt something catching” and at times he noticed 
a “click ” as he extended the thumb. 

On EXAMINATION.—He was in perfect health. He 
pointed to the line of the tendon of extensor pollicis 
longus as the site of a radiating pain from wrist-joint level 
to the interphalangeal joint of the thumb. On palpation 
there was tenderness just distal to the radial styloid in the 
line of the extensor pollicis brevis. All movements were 
quite free, but there was slight pain on full extension of 
the thumb referred to the tender area. He considered 
that the symptoms were variable and that at the time of 
examination the condition was somewhat less trouble- 
some. No definite click was heard on movement. When 
examined on a previous occasion symptoms had been 
more marked and the adduction test noted above was 
positive. Although there was no palpable swelling, a 
pre-operative diagnosis of de Quervain’s disease was 
made. At his own request a general anesthetic was 
arranged. 

OPERATION (July 19).—Wéith a pneumatic tourniquet 
on the upper arm an incision was made along the line 
of the extensor pollicis brevis from the radial styloid 
I in. distally. A tendon-sheath of normal thickness and 
consistency was exposed and slit open in the length of the 
incision, to reveal the tendon tethered by a peculiar band 
of tissue (Fig. 284). The paired limbs of this structure 
arose from the floor of the sheath on each side of the 
tendon and embraced the latter tightly over the volar 
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aspect—tightly enough to cause a local constriction of 
the tendon. The single limb merged with the roof of 
the sheath and reference to Fig. 285 indicates the size 
of the structure. On extension of the thumb the band 
jumped out of the groove it had printed on the tendon— 
the intermittent symptoms were thus readily explained. 
The obstruction was excised by dividing it at the three 
attachments to the sheath. A probe was passed distally 
for an inch and no further obstruction was encountered. 
Extensor pollicis brevis may share a common canal with 
abductor pollicis longus at this point, but in this case the 
tendons had separate compartments. It was considered 
wise to inspect the adjacent sheath, but on slitting it open 
no abnormality was found. The abductor sheath was 
approximated with two fine catgut sutures : the abnormal 
sheath was left open. The skin was closed with silk 
sutures. 

POST-OPERATIVE COURSE.—Full movements were 
allowed two days after operation and were painless and 
free. The stitches were removed on the tenth day with 
primary healing. On Aug. 18 the doctor who had 
originally submitted the patient wrote to say that the 
latter was completely satisfied with the result of opera- 
tion and free from all symptoms. 

MICROSCOPICAL FINDINGS.—Microscopical examina- 
tion of a cross-section of a Y-shaped fibrocartilaginous 
structure showed a reticulum of collagen fibres with cells 
interspersed and resembling normal tendon cells. The 
outer cells were somewhat flattened, but there was no 
true capsule or sheath. There was no evidence of 
inflammation and the appearance was of normal tendon. 
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DISCUSSION 


_ The interest in this case lies in the differentia] 
diagnosis. Not surprisingly, it was mistaken fo; 
stenosing tenovaginitis. The aetiology is uncertain 
but the symmetricai appearance and the absence 
of thickening or adhesions in the adjacent sheath 
are against an inflammatory origin. The histology 
suggests a normal connective-tissue structure. The 
arrangement was not akin to that of the vincule of 
tendons which carry vascular bundles and which 
occur more distally in the fingers and toes, A 
congenital origin is more likely and no reference 
to such has been traced in the literature available 
for study. The delayed onset of symptoms may 
have been due to a reactionary thickening of the 
structure induced by the unusual amount of writing 
done by the patient in recent months. 

Treatment is surgical, with identification and 
removal of the constriction. Forcible manipulation 
might have snapped this structure and one might 
surmise that a few cases wrongly diagnosed as 
de Quervain’s disease have been cured by such 
forcible methods. 
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AN UNUSUAL CASE OF SUPPURATIVE HEPATITIS DUE 
TO STREPTOCOCCUS VIRIDANS 


RECOVERY WITH PENICILLIN AND SULPHATHIAZOLE 
By R. A. JAMIESON 


DEPARTMENT OF SURGERY, UNIVERSITY OF GLASGOW 


Tue following case is thought worthy of record 
because it presents many points of interest to the 
clinician, the pathologist, and the bacteriologist. 


CASE REPORT 


History.—-The patient, a tram conductress aged 26 
at the time of tiie present admission, had already had a 
chequered career in hospital. Dyspepsia began at the 
age of 16, and a year later in 1936 she was treated for a 
gastric ulcer in a medical ward. Laparotomy was carried 
out in 1938, but the projected gastrectomy was abandoned 
because of the technical difficulty of dealing with a very 
high gastric ulcer which was penetrating the pancreas. 
She was re-admitted in 1939 with a severe hematemesis. 
A free perforation into the general peritoneal cavity was 
closed in January, 1945. She was re-admitted two 
months later because of severe and continuous pain. A 
high subtotal gastrectomy was performed on March 21, 
1945. An operative detail, which appears important in 
retrospect, is that the ulcer crater (after cauterization with 
pure carbolic) was perforce left embedded in the pancreas. 
Convalescence was uneventful, and the patient returned 
to full work as a tram conductress after six weeks. She 
remained at full work for a further six weeks, free of all 
dyspepsia, and feeling splendidly fit till the onset of the 
present illness. 

She was re-admitted (June 17) on the fifth day of 
illness. She said that on the first day she had felt 
nauseated when she awakened, but had gone to work. 


At 10 o’clock pain in the back had begun “ suddenly”, 
but not so suddenly as on the occasion when the ulcer 
had perforated. The pain was at first across the loins 
and not very severe, but as the day went on the severity 
increased and the pain spread upwards over the lower 
ribs behind. Despite increasing pain and increasing 
nausea she persisted at work till the evening, when she 
yielded and went home, and later in the evening she 
vomited bilious material for the first time. Pain in the 
back and frequent vomiting continued till admission. 
Feverishness and sweating began on the second day of 
illness, but at no time did she have a rigor. On the third 
day she noticed a “lump ” in the left hypochondrium, 
and this gradually enlarged. 

On EXAMINATION.—On admission she was clearly 
desperately ill. She was flushed, sweating, writhing from 
side to side, and moaning with pain. ‘The temperature 
was 103° F., and the pulse was 130 per minute, and of 
poor quality. On examination of the abdomen the most 
arresting feature was the presence of a visible tumour 
in the left hypochondrium the size of a grape-fruit. Its 
contours were smoothly rounded, and its central part was 
elevated about an inch above the general level of the 
abdomen. It occupied the whole of the left hypo- 
chondrium from the costal margin to the level of the 
umbilicus, and it transgressed the midline for an inch 
to the right. It moved freely on respiration. On palpa- 
tion, the rounded margins were easily defined except 
above, where the tumour extended under the ribs. The 
tumour was of a uniform consistence, firm and elastic 
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and tenderness was strikingly absent. As for the rest of 
the abdomen, respiratory movements were unrestricted 
and there was no muscular guarding: the right lobe of 
the liver was not palpable. Examination of the loins, 
which the patient indicated as the site of pain, revealed 
neither tenderness nor guarding, and there was no 
tumidity. 

The correct diagnosis was not made. It was clear 
that the patient was desperately ill from an inflammatory 
lesion, and it was conjectured that a localized abscess 
had formed as the result of perforation of an anasto- 
motic ulcer which was walled off by adhesions. Lapar- 
otomy was carried out with the object of draining the 
abscess. 

LAPAROTOMY (June 17).—The tumour was found to 
be the grossly enlarged left lobe of the liver. Visible 
beneath the serous covering was an uncountable multi- 
tude of abscesses each the size of a pin’s head. The 
right lobe of the liver was also enlarged, but not so grossly 
as the left. It could not be freely inspected because of 
numerous adhesions: these were successively divided 
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DOSAGE OF PENICILLIN AND SULPHONAMIDE.— 


a. Penicillin.— 
By Intramuscular Drip 
continuously over 
Each 24-hour Period 


400,000 units 
400,000 units 
200,000 units 
4th day 200,000 units 500,000 units 
5th-20 days 400,000 units (None) 


Total penicillin about 10,000,000 units. 


By Intravenous Drip, 
Each Dose given over 
a 4- to §-hour Period 


500,000 and 500,000 units 
500,000 and 500,000 units 
500,000 units 


Ist day 
2nd day 
3rd day 


b. Sulphonamide.—During the first 24 hours, 20 c.c. 
of soluseptasine were given intravenously every six hours. 
Thereafter, this was replaced by sulphathiazole by mouth, 
the dosage being 2 g. at 6 a.m. followed by 1 g. four- 
hourly till 10 p.m., none of the drug being given at night. 
This was continued till the sixteenth day, a total of some 
90 g. being administered. 

A check was kept on the bacteriostatic activity of the 
blood against the standard Oxford strain of Staph. 
aureus. 


Fic. 286.—Axillary temperature-chart from admission on fifth day. 


until the right lobe had been inspected for a distance of 


about an inch to the right of the gall-bladder. All 
surfaces of the left and right lobes so exposed were 
closely beset with miliary abscesses. The liver substance 
between the abscesses were engorged with blood and 
plum-coloured. Despite the risk of severe hemorrhage, 
a deep section of the left lobe was removed for biopsy. 
Hemorrhage was profuse, and could be only partially 
— by a gauze pack, round which the wound was 
osed. 

Inspection of the slice of liver removed for biopsy 
showed at once that closely-set abscesses, each oozing 
a bead of pus, were scattered throughout the depth of 
the section. Examination of the pus revealed the 
Presence of many streptococci, present in short chains 
up to 6 or 8 cocci. 

At this time the chance of recovery appeared to be 
very slight. The only possibility of effective treatment 
seemed to lie in heavy dosage with penicillin reinforced 
with sulphonamide. Accordingly the administration 
of penicillin was begun at once without waiting to verify 

t the organism was penicillin-sensitive. 


The bacteriostatic activity was disappointingly low, 
considering the high dosage of penicillin: the following 
values are representative :— 


1. Evening of fourth day: total inhibition 1:1 
partial inhibition 1:2 
(The dosage was for this reason increased on 
the fifth day.) 
total inhibition 1:2 
partial inhibition 1: 4 
total inhibition 1:1 
partial inhibition 1: 4 
Blood-culture on the fifth day was sterile. 
PROGRESS.—Recovery was slow, but progress was 
steadily maintained. Thus the temperature fell by 
gradual lysis over a period of three weeks (Fig. 286). 
Slight improvement in the general condition was noted 
on the third day, and on the fifth day the patient began 
to take an interest in her surroundings. Her appetite 
returned at the end of a week and she began to take light 
diet. After three weeks she was eating well and sleep- 
ing without sedatives. She was allowed home on the 


2. Fifth day: 
3. Eighth day: 
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twenty-ninth day. A few of the details of her convales- 
cence are of sufficient interest to be recorded. 

Vomiting continued during the first four days, becom- 
ing progressively less troublesome. During this period 
intravenous saline and glucose had been given, but were 
stopped on the fourth day: that evening it was noted 
that there was a little oedema of the ankles. During the 
next few days her thirst was unquenchable, and she drank 


Fic. 287.—Section cut from fixed tissue, stained by Gram’s 
method, to show the streptococcus. (x 2300.) 


Fic. 288.—Masson’s stain. Showing the great number 
of minute abscesses, each surrounded by a darkly stained ring 
of fibrinous exudate. (x I5.) 


copiously. On the fifth and sixth days she developed 
gross oedema of both legs, and a gross acute ascites. 
During the next fortnight the oedema and ascites gradually 
diminished, and at the time of her discharge from hospital 
there was no more than the slightest pitting on pressure 
above the ankles. 

Pain across the loins remained troublesome during 
he first ten days. On the tenth day she complained for 
the first time of pain in the left hypochondrium. This 
lasted for only a few days, and by the seventeenth day 
all pain ceased. 

At no time was the patient jaundiced, and it is note- 
worthy that throughout the illness rigors were absent, 
save following two abortive attempts to give a trans- 
fusion of blood. 
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SOURCE OF INFECTION.—The source of the infection 
remains unproved, but there appears to be good reason 
to incriminate the floor of the gastric ulcer (which, it wil] 
be remembered, was left embedded in the pancreas at 
gastrectomy three months previously). It is unlikely 
that the organism reached the liver by the bile-ducts or 
by the hepatic artery. Thus an ascending biliary infec. 
tion is improbable in the absence of any history suggesting 
cholecystitis and in view of the fact that a normal] 
functioning gall-bladder has since been demonstrated by 
a cholecystogram series. Again, if the infection had 
originated in a dental abscess or an endocardial vegetation 
and had reached the liver by the systemic circulation, some 
manifestation of infection of other organs might have 
been expected. But at no time were there painful subcu- 
taneous nodes, nor were red blood-cells to be found in 
the urine on repeated examinations. Furthermore, it is 
difficult to conceive of a systemic septicemia heavy 
enough to give rise to such countless numbers of minute 
abscesses which by their uniform size indicated a common 
age. Indeed, rupture of an abscess into a tributary of 
the portal vein seems to be the only plausible explanation 
and such an abscess might well have been present in the 
pancreas, originating in the embedded gastric ulcer. 

NATURE OF THE ORGANISM.—In direct smears of the 
pus from the biopsy specimen, and in actual stained 
sections (see Fig. 287) the only organism seen was a 
streptococcus occurring in chains of 6-8 cocci. This 
organism on culture gave a pure growth of Str. viridans, 
exhibiting the classical properties of that organism. Thus 
it proved to be an aerobe, producing green pigment on 
human or horse blood, and dark-green pigment on 
chocolate agar. It produced acid in lactose, glucose, 
sucrose, and inulin, and acid and clot in milk. It did 
not ferment mannite and it did not survive heating at 


Showing an abscess with sur- 
rounding fibrinous exudate on the right, and increased 


Fic. 289.—Masson’s stain. 


cellularity of two portal tracts on the left. (x 60.) 

56° C. for 30 minutes: these features eliminate any 
possibility of confusion with an atypical strain of the 
enterococcus group. The organism was shown to be 
penicillin-sensitive. 

It is a matter for comment that this organism, whose 
aggressiveness is of a low order, should as an unmixed 
infection invade healthy vascular tissue and be strongly 
pyogenic. The organism is common in such mixe 
infections as dental or tubo-ovarian abscesses, but when 
it occurs alone as in endocarditis or in meningitis the 
formation of pus is either absent or scanty. Perhaps 
the explanation of its behaviour in the present case lies 
in the mode of origin of the infection. The postulated 
origin by rupture of an abscess into the portal stream 
might give rise to such an overwhelmingly heavy infection 
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that even an organism of low aggressiveness might be able 
to establish itself. 

HistoLoOGY.—The outstanding feature of the stained 
gctions is the multiplicity of small abscesses separated 
by narrow bands of compressed liver cells. Fig. 288 
illustrates a field representative of the whole section. 
Itis indeed remarkable that a liver whose structure is so 
extensively disorganized could support life, and be 
ompatible with a return to abounding health. The 
gction has been stained by Masson’s method to show the 

of fibrin surrounding the abscesses. Fig. 289 
illustrates the appearance at a magnification of x 60, 
and in addition to one frank abscess shows aggregation 
of polymorph leucocytes round the portal systems. 

LIVER FUNCTION.—It was apparent that observations 
on hepatic function would be of interest, and the tests 
carried out are shown in the following table. 
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Plasma bilirubin 
(mg. per cent) 
Glucose tolerance 
Levulose tolerance 


Cephalin flocculation 
Albumin (g. per 100 
ml. of plasma) 
Globulin (g. per 100 | 
ml. of plasma) | 
Fibrinogen (g. per | 
100 ml. of plasma) | 
Total protein (g. per 5°61 
100 ml, of plasma) | 
Packed cell volume | 
(per cent) 


0's o-2 0-2 


| 
| 
| 


Normal 
Abnormal i | 


+++ 
2°68 


Abnormal Normal 


+4 
4:14 


2°49 


Negative 
4°63 


2°21 








2°43 


0°50 0°32 0°32 





6°95 7°16 
22°0 | i | | — 





It is noteworthy that the plasma-bilirubin level was at 
notime above normal. Glucose tolerance estimated on 
June 22 showed no abnormality. The levulose tolerance 
tests, interpreted according to Rennie (1943), suggest 
impairment of liver function on the first three occasions 
of testing. ‘The cephalin flocculation test, introduced 
by Hangar (1939) has been chiefly used to detect damage 
to the liver parenchyma: flocculation (i.e., a positive 
result) was present on the first three occasions, but 
absent on the last. 
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The alterations in the plasma-protein levels are some- 
what difficult to interpret. Disease of the hepatic paren- 
chyma and infective processes are alike associated with a fali 
in plasma-albumin and a rise in plasma-globulin. In this 
patient when suppuration was present actually in the liver, 
pronounced alterations would be expected. Lowered 
albumin and raised globulin values were indeed present 
on July 11, but not on the first occasion, when the 
albumin was low but the globulin level appeared to be 
normal. Probably both estimates on this occasion were 
fictitiously low because of the hemodilution (evidenced 
by the low packed cell volume) which accompanied the 
oedema already noted at this time. The third and fourth 
estimations show that the albumin and globulin levels 
gradually returned to normal. 

LATER PROGRESS AND PROGNOSIS.—After discharge 
from hospital the patient continued to make good pro- 
gress. She returned for examination on Aug. 17 (three 
months after the onset of suppurative hepatitis). She 
reported that she was in excellent health and was free 
from indigestion. She looked a normal young woman, 
and had acquired a healthy layer of subcutaneous fat. 
No abnormality was detected on examination, and the 
liver was not enlarged. She returned to work as a tram 
conductress at the end of August, and in January, 1946, 
was still continuously at work and in excellent health. 

It was feared, at the time the patient left hospital, 


‘that contracture of scar tissue in the liver might lead to 


obstruction of the portal circulation and ascites. Full 
health and normal hepatic function tests have, however, 
been maintained for seven months, and it now appears 
safe to conclude that recovery is to be complete. 


It is a pleasure to express my gratitude to Pro- 
fessor Illingworth for his stimulating interest in 
this case and to Doctors Rennie, Lominski, and 
Trounson of the Departments of Medicine, Bacteri- 
ology, and Pathology for their technical reports and 
valuable suggestions. I am further indebted to Dr. 
Trounson for the illustrative microphotographs. 
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CASE OF LYMPHANGIOMA IN 


THE REGION OF THE HEAD 


OF THE PANCREAS CAUSING AN OBSTRUCTIVE JAUNDICE 


By H. W. PORTER 


ASSOCIATE ASSISTANT SURGEON, CHALMERS HOSPITAL, EDINBURGH 


A CASE of obstructive jaundice simulating carcinoma 
of the head of the pancreas clinically but caused by 
a1 unusual simple tumour is described. 


CASE REPORT 


The patient, Mr. R., aged 66, was admitted to Chal- 
mets Hospital on Sept. 6, 1941. On admission, the 
Patient was deeply jaundiced, rather cachectic, and had 
obviously lost a great deal of weight. He thought that 
he had been losing weight for about five months, and 
he had also suffered from a little flatulence, loss of 
appetite, and heartburn, but had had no sickness or pain. 

fortnight before admission his doctor noticed 


t he was jaundiced. This became progressively 
more severe, 


ON EXAMINATION.—There was a large palpable gall- 
bladder, and below this a large, firm, palpable tumour. 
The patient was such a typical case of carcinoma of the 
head of the pancreas so far advanced that we very nearly 
considered leaving him alone. He was, however, very 
miserable and had a great deal of itch and discomfort, 
and in view of this it was decided to carry out some 
palliative procedure. 

AT OPERATION.—The gall-bladder was found to be 
very distended and there was a large tumour about the 
size of a cricket ball in the region of the head of the 
pancreas. This did not have quite the stony-hard 
feeling of a carcinoma, nor could any secondaries be felt. 
A small piece was taken for biopsy and a cholecyst- 
gastrostomy was performed. 

The patient’s jaundice immediately began to improve 
and his general condition became better. The section 

I5A 
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of the tumour (Fig. 290) showed a lymphangioma with b 
multilocular cavernous spaces and endothelial lining, ang & ° 
there was some perivascular endothelial increase wit, @ = 
no inflammatory reaction. There was no evidence of di 
malignancy. Since excision of the tumour would hay. 
been exceedingly hazardous, it was decided to treat jt § in 
with deep X-ray therapy. 

Deep X-ray therapy was administered by D;. 
McWhirter, Royal Infirmary, Edinburgh, from Dec, 4 
to Feb. 16, 1942, the dose being 3000 r. 

The patient progressively improved from the time of 
his operation, and as it was rather difficult to assess the 
value of the X-ray therapy, a barium meal was given 
before the treatment. Fig. 291 shows the state of affairs 
on Nov. 6, 1941. It will be noticed that there is very 
marked broadening of the D of the duodenum, the first 
part being pushed upwards and the third part downwards 
by the tumour. A subsequent barium meal (Fig. 292) 
carried out on Nov. 27, 1945, shows the duodenum to 
have returned to its normal position and barium can 
be seen entering the gall-bladder. 

Since his operation and treatment, the patient has 
continued to be in good health. 





Fic. 290.—Section of tumour. 





FIG. 291.—Radiograph following a barium meal, showing Fic. 292.—The appearance on Nov. 27, 1945, showing the 
condition on Nov. 6, 1941. Marked broadening of D of return of the duodenum to its normal position. 
duodenum and change of position, the first part being pushed 
upwards, the third part downwards, by the tumour. 





A CASE OF A CHRONIC VOLVULUS OF THE JEJUNUM 
DUE TO MULTIPLE JEJUNAL DIVERTICULA 


By H. W. PORTER ° 


ASSOCIATE ASSISTANT SURGEON, CHALMERS HOSPITAL, EDINBURGH 





WHILE diverticula of the jejunum and ileum are not be: (1) Inflammatory disturbances giving rise to 
exceedingly rare conditions, especially of the jejunum, perforation ; (2) Occasional intestinal haemorrhage; 
it is unusual for them to give rise to symptoms, and (3) Rupture, which may be spontaneous or traumatic; 
it is thought that it might be of interest to record (4) Foreign bodies causing perforation; (5). Neo- 
a case with a chronic volvulus. The complications plasms or neoplastic disease which occasionally 
associated with diverticula of the jejunum may takes place in the diverticula; (6) Acute intestin 





CHRONIC VOLVULUS 


obstruction or sometimes, but rarely, chronic 
intestinal obstruction. Complications arising from 
diverticulosis of the jejunum are uncommon. 


Dickson and Waugh (1943) described symptoms 
in only 13 of 122 cases recorded at the Mayo Clinic. 
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July, 1945, three weeks before his second admission to 
hospital, he had a sudden attack of abdominal pain, 
nausea, and vomiting, and on this occasion the vomitus 


was quite definitely dark in colour. Immediately after 
this, he had a recurrence of his old symptoms, intermittent 


Fics. 293, 294.—The portion of jejunum resected, showing the twisted loops and the numerous diverticula. 


Walker (1945) states that volvulus causing acute 
intestinal obstruction has only been recorded twice, 
but records no case of chronic volvulus. 

A case of chronic intestinal obstruction due to a 
chronic volvulus associated with diverticulosis of 
the jejunum is described. 


CASE REPORT 


History.—The patient, a male aged 64, was admitted 
to Chalmers Hospital in August, 1944, complaining of 
pain in the umbilical and epigastric regions, from which 
he had been suffering periodically for two years. The 
pain at that time was colicky in nature. Though some- 
times very severe, it was relieved with antispasmodics, 
and latterly it had become increasingly worse and the 
patient began to complain of waterbrash and heart-burn. 
Vomiting became more frequent, until he was vomiting 
every 24 hours. The vomiting was sometimes induced 
by himself in order to relieve flatulence, and the vomitus 
occasionally contained a little blood. The patient’s 
pain became worse immediately after meals and was 
sometimes relieved by lying down. He was admitted 
to hospital and a barium series was rather inconclusive 
and showed rather a large stomach and a slight deformity 
of the duodenal cap. There was no evidence in the 
barium series of diverticulosis. The patient had a high 
tising gastric acidity and he was treated medically with 
diet and rest in bed. With this he improved consider- 
ably and was discharged. He remained well except for 
occasional bouts of colic and distension until July, 1945, 
and put on weight. 

During the intervening period he was considerably 
constipated and for this he took a regular aperient. In 


colicky pain, repeated vomiting, loss of weight, flatulence, 
and a degree of constipation. He was re-admitted to 
hospital and a further barium meal again reyealed no 
definite peptic ulcer, nor did it show any abnormality 
in the small intestine. His test-meal again showed 
rather a high acid value, he had occult blood in his 
stool, and there was considerable loss of weight. Since 
he was not responding to medical treatment, it was 
decided to perform a laparotomy. 

AT OPERATION.—The stomach was found to be 
rather distended and there was some scarring at the 
pylorus, with a small posterior duodenal ulcer, and it 
was decided to do a posterior gastro-jejunostomy. On 
seeking the jejunum, it was found that the first two loops 
were distended, hypertrophied, and had an exceedingly 
long mesentery. Both loops were twisted through 180° 
on the mesentery and were the site of nurerous diverti- 
cula. The diverticula started about 4 in. below the 
duodenojejunal junction, were largest at the upper end, 
and then gradually tailed off, and about 3 ft. farther down 
the jejunum became normal. No diverticula were found 
in the ileum, colon, or duodenum. The affected portion 
of jejunum was resected and an end-to-end anastomosis 
performed, following which a posterior iso-peristaltic 
gastrojejunostomy was carried out. (Figs. 293, 294.) 

The patient had an uneventful convalescence and has 
had complete relief from his symptoms. 
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AN UNUSUAL CASE OF SHARK-BITE 


By ERIC DAVIES 


SURGEON, ANGLO-IRANIAN OIL CO., LTD. 


NINE cases of shark-bite have been operated upon 
during the last two years, of which 7 were partial 
or complete amputations of arm or leg. 

The ninth case is reported in detail as it is unusual 
and illustrates the remarkable protective functions 
of the omentum. 


CASE REPORT 


History.—The patient, an Arab woman of 30, was 
a passenger on a dhow which was wrecked at the head of 
the Persian Gulf. She had been holding on to a piece 
of floating wreckage for an hour when she was attacked 
by a shark, which wounded her in the abdomen but did 


grey in colour, and gurgling sounds could be obtained by 
pressure (Figs. 295, 296). There was slight guarding in 
the vicinity of the wound, but the remainder of the 
abdomen was quite soft and there was no distension or 
shifting dullness. There was no tenderness on rectal 
examination. 

OPERATION.—The surface of the mass was cleaned 
with saline and a line of cleayage found which made 
easy the division of the wall. This consisted of omentum 
quite 4 in. thick and contained a loop of transverse colon 
covered by smooth shining peritoneum. The outer 
surface of the omental sac was separated from the tissues 
of the abdominal wall by gauze dissection and slight 
traction applied so that the extra-abdominal portion 
could be resected after securing the vessels by multiple 





Fics. 295, 296.—Photographs of patient, showing site and extent of abdominal protrusion. 


not succeed in pulling her down. She was in the water 
for a further four hours and was then rescued and put 
ashore at a small Arab village. The rescue work was 
directed by an English pilot who was under my care 
some months later and was able to verify the times and 
dates, and from whom it was learnt that over 40 persons 
were lost in the wreck, mostly due to sharks. 

The patient remained in the village for five days, 
during which time the mass on her abdomen was kept 
covered by a damp cloth. As she showed no signs of 
dying the inhabitants brought her to Abadan in a lorry, 
the journey taking 24 hours owing to a breakdown in the 
desert. 

On EXAMINATION.—She was a fit-looking woman 
much decorated with tattoo marks and bracelets. Her 
temperature was 98-4° and pulse 72, her tongue was clean, 
and she had not vomited. Her bowels had acted once 
since the accident. On the left side of the abdomen 
was a large mass protruding through a transverse wound 
in the abdominal wall, it being quite soft and pearly 


ligatures. The bowel could then be replaced through 
the wound, which was found to be 4$ in. long at the 
skin level and 2} in. at the peritoneum. Part of the 
adjoining descending colon could be seen and showed 
no signs of bruising and there was no adherent small 
intestine. A corrugated rubber drain was _ inserted 
through the wound, which was closed by all-layer 
sutures. 

PRoGRESS.—The drain was removed after 24 hours 
and the wound healed well, her recovery being uneventful. 
She was free of symptoms when seen one month later and 
there was no weakness at the site of the bite. 


Comment.—It seems remarkable that a wound 
of this size could be caused by a shark’s tooth without 
causing visceral damage. It is also interesting t 
speculate whether the four hours’ immersion 2 
sea water was a factor in producing the complete 
covering of omentum. 
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Regional Analgesia. By H. W. L. MOoLEswortu, 
F.R.C.S. (Eng.), Senior Surgeon, Royal Victoria 
Hospital, Folkestone. Second edition. 8% xX § in. 
Pp. 92 + viii, with 42 illustrations. 1946. London: 
H. K. Lewis & Co. Ltd. 8s. 6d. net. 


First published in 1940, the second edition of this small 
hook contains few alterations or additions, and remains 
an excellent account of the personal experiences of the 
guthor in the use of regional analgesia. 

The text is well arranged and interesting to read, 
and the numerous illustrations are well produced and 
achieve their object. 





Modern Anesthetic Practice. The Practitioner Hand- 
books. Edited by the late Sir HUMPHREY ROLLESTON, 
Bt., G.C.V.O., K.C.B., M.D., F.R.C.P., and ALAN 
MoncRIEFF, M.D., F.R.C.P. Second edition. 84x 
54 in. Pp. 150 + viii, with 7 illustrations. 1946. 
Eyre & Spottiswoode (Publishers) Ltd., for The 
Practitioner. 12s. 6d. net. 


In the editorial preface to the second edition we read: 
“Those in general practice are constantly being required 
to give anesthetics, and it is for them rather than for the 
specialist-expert that this book was planned and for 
whom, once again, the second edition is intended. If it 
continues to be found of value then it is to the skilled 
contributors that thanks are due, and editorial gratitude 
must be added for their cheerful co-operation, suggestions, 
and advice.” 

In our opinion the objects of this book have been 
largely achieved, for it contains a wealth of information 
and the contributions are well arranged and form a 
genuine synopsis of modern anesthetic practice. 

‘At a time when the ever-increasing mechanization of 
practical anzesthesia is receiving a good deal of criticism, 
it is interesting to read the comments of Dr. John Gillies 
at the commencement of Chapter II: ‘* The volatile 
anesthetic drugs still form the main stock in trade of the 
occasional or less experienced anesthetist. No elaborate 
equipment is necessary for their application and therefore 
in this respect they are simple as well as convenient and 
portable. The anesthetist should appreciate, however, 
that the advantages just mentioned accrue to himself 
rather than to the patient, and that in simple technique 
there are undesirable features which he must always keep 
in mind and which it is the purpose of modern apparatus 
to eliminate, or at least to modify.” 

_In Chapter IV, on Basal Narcotics, we note that in the 
discussion on complications of pentothal no mention is 
made of the use of picrotoxin, or the dangers of intra- 
arterial injection. This last complication is a catas- 
trophe, and every occasional anesthetist should be 
instructed how to avoid it. 

In Chapter VII, on Anesthesia and Analgesia in 
Midwifery, the contributor goes out of his way to empha- 
size the value of chloroform in domiciliary obstetrics, and 
endeavours to make a case for the continued use of this 
drug. In fact, he deplores the lack of routine instruction 
In teaching hospitals, and even attempts an analogy to 
toad mortality: He writes: Speed in itself may be 
dangerous, but it is not speed alone which kills, but 
impaticnce and lack of due care and attention. Speed in 
the wrong place kills, so do the various anesthetic agents. 

he need is to learn where those wrong places are.” 

In our opinion this contributor is defending and 


4 advocating a lost cause, and we consider the views of 


Dr. Paluel Flagg, published in a recent text-book, to be 


and anesthetic opinion. Flagg writes: ‘‘ Chloroform, 
while ideal in efficiency, is a dangerous poison. In the 
light of present-day pathology, chloroform should cease 
to be used as an anesthetic in obstetrics.” 

This book is well produced, the illustrations are clear 
and adequate, and the volume should continue to be a 
popular contribution to the “ Practitioner Handbook ” 
library. 





The Care of the Neurosurgical Patient. Before, 
During, and After Operation. By ERNEsT SACHs, 
A. B., M.D., Professor of Clinical Neurological Sur- 
gery, Washington University School of Medicine, 
Saint Louis. 93 x 64 in. Pp. 268, with 177 illus- 
trations. 1945. London: Henry Kimpton. 30s. net. 


THIS is an important book which deals with an important 
subject. Professor Sack’s extensive and ripe experience 
is set out in a most interesting and fascinating manner. 
In this monograph the important points dealing with the 
care of the neurosurgical patient before, during, and after 
operation are given in a very practical way. 

The numerous illustrations are of great help to the 
reader and enhance the value of the book. 

The various neurosurgical methods used by the 
author are the outcome of a life-long study of this branch 
of surgery and are ones which have stood the test of time. 

Neurosurgeons the world over will read this book with 
interest and profit. 


The Anatomy of the Bronchial Tree. With Special 
Reference to the Surgery of Lung Abscess. By 
R. C. Brock, M.S. (Lond.), F.R.C.S. (Eng.), Surgeon 
to Guy’s Hospital; Surgeon to the Brompton 
Hospital ; Surgeon to an E.M.S. Thoracic Surgical 
Centre. 9% < 6in. Pp. 96 + vi, with 142 illustra- 
tions, many as plates. 1946. London: Geoffrey 
Cumberlege, Oxford University Press. 42s. net. 


THIS monograph is in reality a reprint of an excellent 
series of articles published in the Guy’s Hospital Reports 
during recent years. The advent of bronchoscopy and 
modern X-ray pictures has added enormously to our 
knowledge of the anatomy of the bronchial tree, and Mr. 
Brock has increased our understanding in the surgery of 
lung abscess. 

This book will prove of real value, not only to sur- 
geons and physicians who are interested in the diseases 
of the chest, but also to anatomists and physiologists. 

The illustrations throughout the book are of a high 
order of perfection. 


Anatomical Eponyms. Being a Biographical Diction- 
ary of those Anatomists whose Names have become 
incorporated into Anatomical Nomenclature, with 
Definitions of the Structures to which their Names 
have been attached and References to the Works in 
which they are described. By JEsstz Dosson, B.A., 
M.Sc. With a Foreword by Professor F. Woop 
Jones. 84 x 62in. Pp. 240 + x, with Frontispiece. 
1946. London: Bailliére, Tindall & Cox. 30s. net. 


RECENT standardization of anatomical nomenclature has 
resulted in suppressing or limiting the traditional and, 
on the whole, desirable custom of linking the names of 
the original workers with the anatomical structures which 
they discovered. Apparently in Great Britain—says the 
author—we are now committed to a system of anatomical 
terminology from which all eponymous nomenclature 
has been removed. 
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This does seem a pity, and so unnecessary. The 
author apparently feels it so strongly as to justify this 
biographical dictionary of those anatomists whose names 
have become associated with certain structures. The 
book, which is beautifully got up, has a Foreword by 
Professor Wood Jones and a Frontispiece of Vesalius. 
It is a very useful book of reference. 





Patients and Appendicitis. By Sir Crisp ENGLISH, 
K.C.M.G., F.R.C.S., Consulting Surgeon, St. 
George’s Hospital; Hon. Consulting Surgeon, 
Queen Alexandra’s Military Hospital, Millbank ; etc. 
8% x 5§2% in. Pp. 155 + vii. 1946. London: 

J. & A. Churchill Ltd. 10s. 6d. 


THIs is an interesting little monograph which is full of 
sound surgical common sense and it deals with a some- 
what neglected subject. 

How often the patient is neglected and not taken into 
account by the doctor or surgeon concerned when the 
question of operation for appendicitis is considered. 

Sir Crisp has drawn from his matured and extensive 
clinical experience and acumen in the writing of this 
book. It should prove of value, not only to the practi- 
tioner, but also to the student, who will learn more from 
this little book about appendicitis than he will from the 
average text-book on surgery. 

A concise, up-to-date, and useful bibliography on 
appendicitis is given at the end of the volume. 





Manual of Diagnosis and Management of Peripheral 
Nerve Injuries. By Robert A. GrRoFF, M.D., and 
SARA JANE Houtz, B.S. With an Introduction by 
I. S. RAvDIN, M.D. 8% X 6in. Pp. 188 + xii, with 
111 illustrations. 1946. Philadelphia and London: 
J. B. Lippincott Co. 36s. net. 


Tuis is a practical little monograph which gives a new 
approach to the diagnosis, management, and after-care 
of peripheral nerve injuries. 

The book is divided into two parts. Part 1 is devoted 
to a general discussion of nerve injuries, with specific 
advice on how to recognize immediately, and manage 
effectively, injuries affecting the peripheral nerves. Part 
2 presents an illustrated outline of peripheral and cranial 
nerve function. Muscle function is shown effectively 
by action diagrams. 

There are over a hundred illustrations, quite a number 
of which are original and most instructive. 

There are a few mistakes which require correction— 
on page 136, the deep peroneal nerve is stated to supply 
the interossei, which is quite wrong. 

The book should prove of value to general practi- 
tioners, surgeons and neurosurgeons, and physio- 
therapists who require a quick reference book which 
can be used in the out-patient department or ward. 





Penicillin. Its Practical Application. Under the 
General Editorship of Professor Sir ALEXANDER 
FLEMING, M.B., B.S., F.R.C.P., F.R.C.S., F.R.S., 
Professor of Bacteriology in the University of London, 
St. Mary’s Hospital, London. 84 x 5% in. Pp. 
380 + xi, with §9 illustrations. 1946. London: 
Butterworth & Co. (Publishers) Ltd. 30s. net. 


ALTHOUGH much has been written concerning penicillin 
during the last three years, yet there is room for this 
volume. Sir Alexander Fleming, who is the general 
editor and has written about the history and develop- 
ment of penicillin, and the bacteriological control of 
penicillin therapy, has collected a band of expert clinicians 
who have written concise practical articles dealing with 
their specialities. Porritt and Mitchell have contributed 
a well-balanced article on the prophylactic use of peni- 
cillin and quite rightly emphasize the important fact that 


JOURNAL OF 


SURGERY 


penicillin does not replace surgery. Vaughan Hudson 
writes on generalized infections and reports some inter. 
esting clinical cases which were treated with penicillin 
Hope Gosse deals with chest infections, while Holmes 
Sellors contributes a chapter on Chest Surgery. Dickson 
Wright has written an excellent chapter on the value of 
penicillin in infections of the brain, while McElligott 
deals with the problems of venereal diseases. 

The book is an important one, as it gives the lates 
practical details of penicillin therapy. No surgeon cap 
afford to be without this really useful book. 





Pathology in Surgery. By N. CHANDLER Foor, MD, 
Professor of Surgical Pathology, Cornell University 
Medical College; Surgical Pathologist, New York 
Hospital. 10 xX 6% in. Pp. 511 + xi, with 368 
illustrations in text and 11 coloured plates. 1946, 
— and London: J. B. Lippincott Co, 
Os. 


THIS is a book on surgical pathology written by a patho- 
logist, and, when ail is said and done, this is the right 
type of author. Some members of the profession con- 
sider that a book on surgical pathology should be written 
by a surgeon, but Professor Foot has easily refuted this 
idea by the publication of this book. He establishes the 
significant place occupied by pathology in surgery, and 
draws a precise boundary between it and pathology in 
general. 

The book is profusely illustrated with some 40 
microphotographs and some coloured photographs. The 
microphotographs are excellent, they are clear and well 
reproduced, but it is a pity that the magnification is not 
given in each case. Surgical pathology to-day covers a 
vast field and this book includes the cardiovascular 
system, blood-forming organs, respiratory system, alimen- 
tary tract, liver, gall-bladder, pancreas, urinary system, 
organs of internal secretion, the breast, nervous system, 
and male and female reproductive system. 

There can be no doubt that this book will prove of 
real value to surgeons who require a reference volume 
on surgical pathology. 





The Principles and Practice of War Surgery. With 
Special Reference to the Biological Method of Treat- 
ment of Wounds and Fractures. By J. TRUETA, 
M.D., Hon. D.Sc. (Oxon.), Surgeon (E.M.S.), 
Wingfield-Morris Orthopedic Hospital, Oxford; 
Acting Surgeon-in-Charge, Accident Service, Rad- 
cliffe Infirmary, Oxford; Formerly Director of 
Surgery, General Hospital of Catalonia, University 
of Barcelona. Third edition, revised and enlarged. 
9} X 64in. Pp. 426 + xvii, with 156 illustrations. 
1946. London: William Heinemann Medical Books 
Ltd. 42s. net. 


Tuat a third edition of this book is required only three 
years after the publication of the first edition is evidence 
enough of its popularity and usefulness. Although we 
are back to times of peace, yet it is an era of mechanical 
transport, with its heavy toll of accidents causing lacet- 
ated injuries to children and adults alike, and the 
principles set out in this volume will be of value to the 
practitioner and surgeon who will have to deal with the 
civilian casualties. 

Like its predecessors, this third edition is concerned 
in large part with those methods (i.e., wound excisio 
and the complete encasement of wounded limbs ™ 
plaster) which are now generally associated with the 
author’s name. 

The book is well illustrated with excellent phot 
graphs and drawings, many of which ‘help to elucidate 
the text. It will retain its place as an authoritative 
reference work. 
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The Management of Fractures, Dislocations, and 
Sprains. By JOHN ALBERT Key, B.S., M.D., St. 
Louis, Wis., and H. EARLE CONWELL, M.D., F.A.C.S., 
Birmingham, Ala. Fourth edition. 9% xX 6% in. 
Pp. 1322, with 1316 illustrations. 1946. London: 
Henry Kimpton. 63s. net. 


Tue fourth edition of this well-known book on fractures 
has been carefully revised and brought up to date. War 
surgery has had something to give to orthopedic practice 
and this book contains the new methods in vogue at the 
resent time for the treatment of compound fractures. 

Skeletal traction is given its proper place in the 
treatment of fractures, and the danger of distraction is 
rightly emphasized. Perhaps the greatest advance that 
has been made is in the treatment of fractures of the 
jaw and face, as much has been learnt from the numerous 
cases Which occurred during the recent world war. 

This book is profusely illustrated with some 1310 
clinical, radiological, and line drawings, but it is a pity 
that some of the older illustrations have not been 
replaced, as they are rather indistinct. 

This volume still maintains its place as a reference 
yolume dealing with traumatic surgery of the skeleton. 





Penicillin in General Practice. By J. L. HAMILTON- 
PaTERSON, M.D., Pathologist to Redhill County 
Hospital, Edgware. 6% x 4 in. Pp. 95, with Io 
illustrations. 1946. London: Staples Press Ltd. 
5s. net. 


THis compact little volume would seem to have every- 
thing to recommend it. It is of handy size (to fit the 


pocket), well produced, cheap (at five shillings), and 
contains in its ninety-odd pages a wealth of clearly set 
out, practical information on a subject a more than cur- 
sory knowledge of which is quite reasonably to-day 


demanded by the patient of his doctor. The author, 
a pathologist, might be expected to stress the more 
scientific side of the subject, but while this receives very 
adequate consideration, it is obvious from a perusal of the 
book that Dr. Hamilton-Paterson mus: have had very con- 
siderab e personal clinical experience of his subject-matter. 
In the first half of the book he deals with the properties, 
nature, and principles governing administration of peni- 
cillin; in the second half, with lines of treatment for 
various individual disorders. This latter half is remark- 
ably comprehensive and includes brief chapters on the 
use of penicillin in venereal disease and the common 
dermatological, E.N.T., and eye diseases. Two good 
points are made—and remade—throughout the book. 
The first is that without suitable bacteriological control 
penicillin administration—now in the hands of such a 
vastly enlarged field—will easily fall into disrepute and 
lose that sound scientific basis on which its use was 
developed ; and secondly that penicillin therapy cannot 
teplace sound surgery where such is indicated, i.e., that 
dead tissue of all kinds is still inaccessible to penicillin 
and requires removal. 

It is stated (pp. 16, 24) that synovial membranes of 
the larger joints form an impermeable barrier to the 
Passage of systemic penicillin. Recent researches (Peni- 
cillin Therapy and Control, 21 Army Group) prove this 
18 not the case, as sufficiently large parenteral dosage does 
Produce easily recognizable penicillin concentration in 
the synovial fluid. The point is of minor practical 
importance, however, as local instillation into the joint 
Cavity, as recommended by the author, is undoubtedly 

th more efficient and more economical. The chapter 
on the principles of treatment is eminently practical and 

€ brief discussion on the time-dosage relationship is 
particularly to the point. It is to be hoped that the term 
a “course of penicillin” will not be allowed to creep 
Into common usage. The only direction in which the 
00k might be said to exceed its stipulated scope, and 
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this perhaps a forgivable licence to a pathologist, is in 
the rather full discussion (and diagrams) of the somewhat 
cumbersome Eudrip apparatus and the complicated 
electric motor for systemic administration. These 
require adjustment and attention beyond the power or 
time of the average general practitioner, and mention 
might well be made of the use of the much simpler 
blood-transfusion bottle—to say nothing of a word on 
the value of the intelligent patient’s co-operation during 
his waking hours in watching the drip-chamber. 

But these are small criticisms of a most informative 
and accurate little book—one which it is felt will deserv- 
edly be most popular with those for whom it was 
primarily written, the general practitioners. Its field 
might with value be far more widely extended! 





The Surgical Clinics of North America. Chicago 
Number, February, 1946. Symposium on Surgical 
Technic. 9 X 6in. Pp. 269 + vi, with 172 illus- 
trations. London and Philadelphia: W. B. Saunders 
Co. Annual subscription (six numbers), paper 55s. ; 
cloth 75s. 


THIS symposium on colon surgery is really the contents 
of the June, 1946, number of the Surgical Clinics of 
North America. Every aspect of colon surgery is dis- 
cussed in the several interesting papers which go to 
make up this volume. The treatment of ulcerative 
colitis is given in a very comprehensive fashion, but 
the results in America do not seem any better than in 
this country. 
The references are solely American. 





Journal of the History of Medicine and Allied 
Sciences. Edited by GEORGE ROSEN. Volume I, 
Number 1, January, 1946. 10 x 6% in. Pp. 183, 
illustrated. New York: Henry Schuman. Quarterly. 
$8.50; single copies, $2.50. 


THE appearance of a new journal on the history of 
medicine, in the English language, must be regarded as 
a major event and commented on with care. 

It is a matter for regret that the Annals of the History 
of Medicine, edited by Dr. Packard, became a war casualty 
and will not be revived. This new journal takes its 
place. 

It may be wondered whether there is room for another 
similar publication alongside the Bulletin of the History 
of Medicine, edited by Professor Henry Sigerist. On 
this point it is stated that the policy of the new journal 
is that it will not compete with the Bulletin, but will 
supplement it. 

The Editor of the new journal is Dr. George Rosen. 
He has written a first-class treatise on ‘‘ The History of 
Miners’ Diseases”’, and is reputed to be a first-class 
scholar. He says, in his introduction: ‘“ We do not 
want to cultivate medical history as a search for antiqui- 
ties, as a hunt for curios, but rather as a vital, integral 
part of Medicine. We believe that this can be done.” 
Yes. So do we! But we would like to say, very 
humbly, that the medical profession needs some coaxing 
to take any real interest in the history of our profession 
and that the process of instruction should not be too 
devastatingly dull. 

This first volume contains 183 pages, with a number 
of illustrations, and among the ten or more subjects 
are: A substantial contribution by Professor Charles 
Singer on “Some Galenic and Animal Sources of 
Vesalius”’; ‘‘ The London Years of Benjamin Water- 
house”’, by J. C. Trent; and “A Note on William 
Blake and John Hunter”, by Jane Oppenheimer. 

The publisher is Henry Schuman, of New York, a 
publisher of sound repute, who has a remarkable know- 
ledge of medical history. The printing and set-up of 
this initial volume is quite first class. 
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Cirugia estetica. By Dr. RAMON 
9% xX 6% in. Pp. 299, with 187 illustrations. 
Buenos Aires: El Ateneo. Price not stated. 


THE title of this South American Spanish book seemed 
strange and sent the reviewer to the Oxford English 
Dictionary to see how the word “ esthetic’ could be 
applied to surgery. We are familiar with the term 
** Prosthetic Surgery ”’, which is defined as “‘ that part of 
surgery which consists of supplying deficiencies, as by 
artificial limbs, teeth, etc., 1706.” But ‘* Aésthetic Sur- 
gery’? The Dictionary says that “ esthetic’ means : 
“of or pertaining to the appreciation of the beautiful ’’, 
or, as an alternative meaning, “‘ having or showing refined 
taste ”’. 

A survey of the book leads one to conclude that the 
term “ Cirugia estetica”’ is meant to refer mainly to the 
surgical procedures required for the removal of blemishes 
and facial—mostly facial—deformities and irregularities, 
such as crooked noses, flapping ears, and wrinkles. Then 
there is also a long chapter on mammary hypertrophy 
and ptosis, with copious illustrations both before and 
after operation. 
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The whole work smacks of the beauty parlour rather 
than of academic surgery. Not that this type of wogk 
does not require the greatest skill. It does. And if 
anyone desires to do this type of work, this book should 
be of service. 





Tumores broncogenicos. La Cirurgia toracica en los 
Estado Unidos de Norte America. By HERNAN DP, 
AGUILAR, Buenos Aires. 8} X 6jin. Pp. 450 + x, 
with 12 illustrations and 7 plates. 1946. Buenos 
Aires: El Ateneo. Price not stated. 


Tus book is based on the author’s experiences in the 
study of bronchial tumours while spending two years in 
the United States, most of the time at the Barnes Hospital 
Chest Service, St. Louis, under Professor Evarts A, 
Graham. It is, therefore, basically an account of the 
work at Barnes Hospital and includes a study of experi- 
ences in 264 cases of bronchial tumours and §2 consecu- 
tive pneumonectomies. It is well worth consulting by 
those especially interested in lung diseases and in the 
results of treatment in this world-famous centre of 


thoracic surgery. 
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Reentgen Diagnosis of Diseases of the Gastro- 
intestinal Tract. By JOHN T. FARRELL, jun., M.D., 
Clinical Professor of Radiology, Graduate School of 
Medicine, University of Pennsylvania. 9 x 6 in. 
Pp. 271 + x, with 190 illustrations. 1946. Spring- 
field, Ill: C. C. Thomas. (London: Bailliére, 
Tindal & Cox.) 30s. 

Anesthesia in General Practice. By Stuart C. 
CULLEN, M.D., Head of Division of Anesthesiology, 
Department of Surgery, State University of Iowa 
Hospitals ; Associate Professor of Surgery (Anes- 
thesiology), State University of Iowa College of 
Medicine. 8 x 5$in. Pp. 260, with 36 illustrations. 
1946. Chicago: The Year Book Publishers Inc. 
(London: H. K. Lewis & Co.). 21s. 

The Principles of Anatomy. An Introduction to 
Human Biology. By A. A. ABBE, M.D., B.S., 
D.Sc. (Syd.), Ph.D. (Lond.), Elder Professor of 
Anatomy and Histology in the University of Adelaide. 
Second edition, revised and enlarged. 84 x 53 in. 
Pp. 273 + x, with 76 illustrations. 1946. Sydney 
and London: Angus & Robertson Ltd. 12s. 6d. net. 

The Surgical Clinics of North America. Lahey 
Clinic Number. Symposium on Colon Surgery. 
9 X 6 in. Pp. 274 + vii, with 82 illustrations: 
London and Philadelphia: W. B. Saunders Co. 
Annual subscription (six numbers): papers 55s. ; 
cloth 75s. 

Surgery of the Hand. By R. M. HANDFIELD-JONEs, 
M.C., M.S., F.R.C.S., Surgeon to St. Mary’s Hospital ; 
etc. Second edition. 9% x 63 in. Pp. 164 + xii, 
with 104 illustrations. 1946. Edinburgh: E. & S. 
Livingstone Ltd. 20s. net. 

Diagnosis and Management of the Thoracic Patient. 
The American Practitioner Series. Edited by 
CHARLES PHILAMORE BAILEY, M.D. 9 X 6in. Pp. 334 
+ ix, with numerous illustrations. 1946. Philadelphia 
and London: J. B. Lippincott Co. 24s. net. 

The Surgery of Repair. Injuries and Burns. By 
Wing-Commander D. N. MatTHeEws, O.B.E., 
R.A.F.V.R. Second edition. 8} x 54 in. Pp. 
401 + xii, with 198 illustrations, many in colour. 
1946. Oxford: Blackwell Scientific Publications 
Ltd. 4§s. net. 


Surgical Treatment of the Motor-Skeletal System. 
By 43 authors. Supervising Editor: FReEDERIC W. 
BANCROFT, A.B., M.D., F.A.C.S., Associate Clinical 
Professor of Surgery, Columbia University; etc. 
Associate Editor: CLAY Ray Murray, M.D, 
F.A.C.S., Professor of Orthopedic Surgery, College 
of Physicians and Surgeons, Columbia University ; 
etc. In two volumes. 10 xX 6% in. Vol. I: De- 
formities, Paralytic Disorders, Muscles, Tendons, 
Bursez, New Growths, Bones, Joints, Amputations. 
Pp. 641 + xix, with 521 illustrations. Vol. II: 
Fractures, Dislocations, Sprains, Muscle and Tendon 
Injuries, Birth Injuries, Military Surgery. Pp. 
671 xX xix, with 543 illustrations. 1946. Phila- 
delphia and London: J. B. Lippincott Co. £6. 

Amputation Prosthesis. Anatomic and Physiologic 
Considerations, with Principles of Alignment and 
Fitting designed for the Surgeon and Limb Manu- 
facturer. By ATHA THOMAS, M.D., F.A.CS., 
Associate Professor of Surgery (Orthopedics), Univer- 
sity of Colorado School of Medicine, and CHESTER C. 
Happar, President of the Association of Limb 
Manufacturers of America. 9 X 6 in. Pp. 305 + 
xii, with 207 illustrations. 1946. Philadelphia and 
London: J. B. Lippincott Co. 50s. net. 

Practical Points in Penicillin Treatment. By G. E. 
BEAUMONT, D. M. (Oxon.), F.R.C.P. (Lond.), Physi- 
cian to the Middlesex Hospital, and K. N. V. PALMER, 
M.B. (Cantab.), M.R.C.P. (Lond.), Acting Medical 
Registrar to the Middlesex Hospital. 7} x 4% m 
Pp. 16 + iv, with 1 illustration. 1946. London: 
J. & A. Churchill. 1s. 6d. net. 


Thromboses arterielles. Physiologie pathologique ¢t 


Traitement chirurgical. By RENE LERICHE, Pro- 
fesseur au Collége de France, with the collaboration 
of D’IvAN BERTRAND, Directeur de I’Institut de 
Neurobiologie 4 la Salpétriére. 9 x 5% in. Pp. 
537 -+ viii, with 59 illustrations. 1946. Paris : 
Masson et Cie. Fr. 600. : 

Le Fibro-myome utérin. By J. Ducuine, Professor . 
Clinical Surgery at the Faculty of Medicine 0 
Toulouse; Director of the Anti-cancer Centre. 
92 X 62in. Pp. 541, with 156 illustrations. 1946. 
Paris: Masson et Cie. Fr. 735. 





